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PREFACE 

T h i s  r e p o r t  i s  t h e  r e s u l t  of a coope ra t i ve  e f f o r t  o f  t h e  Na t i ona l  Ocean 

Se rv i ce  (NOS), N a t i o n a l  Oceanic and Atmospher ic A d m i n i s t r a t i o n ,  U.S. 

Department o f  Commerce, and t h e  Los Angeles D i s t r i c t  (LAD) ,  U.S. Army Corps of  

Engineers.  Data r e d u c t i o n  and q u a l i t y  c o n t r o l  were per formed by NOS; d a t a  

analyses and r e p o r t  p r e p a r a t i o n  were done by M o f f a t t  and N i cho l ,  Engineers  

under  c o n t r a c t  t o  LAD (DACW09-86-D-0005). 

The r e p o r t  was prepared by D r .  C r a i g  H. Eve r t s  of M o f f a t t  and N i cho l ,  

Engineers f o r  t h e  Coast o f  C a l i f o r n i a  Storm and T i d a l  Wave Study a t  LAD. A t  

t h e  t i m e  t h e  r e p o r t  was prepared M r .  Thomas Dolan was p r o j e c t  manager. The 

p resen t  p r o j e c t  manager i s  D r .  A.L. Kadib. M r .  Dolan and Ms. Pamela Castens, 

t h e  c o n t r a c t  mon i t o r ,  o f f e r e d  h e l p f u l  rev iew sugges t ions  t h a t  s i g n i f i c a n t l y  

improved t h e  r e p o r t .  
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SHORELINE CHANGES BETWEEN 1852 AND 1982 

FROM PORTUGUESE POINT,  CALIFORNIA TO THE 

MEX I C A N  BORDER 

INTRODUCTION 

Shorel ine maps were r e c e n t l y  conipleted by the  Natura l  Ocean Serv ice (NOS) f o r  

the  132-mi long coasta l  reach between the  US-Mexico border  and Portuguese 

Po in t ,  C a l i f o r n i a .  The e a r l i e s t  survey i n  1851 covered some, b u t  by no means 

a l l  o f  the  study reach. The l a t e s t  shorel i n e  p o s i t i o n ,  es tab l i shed  i n  March 

1982 us ing  a e r i a l  photographs taken f o r  t h a t  purpose, covers the  whole s t u d y  

reach. I n  some areas e i g h t  surveys were made between 1851. and 1982 w h i l e  i n  

one area the p e r i o d  of sho re l i ne  coverage i s  1959-1982 i n  which on ly  t h r e e  

surveys are  ava i l ab le .  

1. Object ives.  The f i r s t  o b j e c t i v e  o f  t he  i n v e s t i g a t i o n  descr ibed i n  t h i s  

r e p o r t  was t o  determine which o f  the  NOS shore l ines  cou ld  be used i n  c o a s t a l  

p lanning,  engineer ing and research. Because the shore l ines  were surveyed many 

years apa r t ,  t h e i r  usefu lness i s  1  i n i i t ed  t o  es tab l  i s h i n g  n e t  shorel i n e  changes 

and n e t  shore l  i n e  change ra tes .  The shorel  i n e  maps are  f u r t h e r  1  i m i  t ed  i n 

a p p l i c a t i o n  t o  coas ta l  reaches where sho re l i ne  p o s i t i o n  changes exceed 

s p e c i f i e d  u n c e r t a i n t y  l i m i t s .  The second o b j e c t i v e  o f  t h e  i n v e s t i g a t i o n  was 

t o  i n t e r p r e t  the t rends i n  ne t  sho re l i ne  behavior i n  those reaches where t h e  

unce r ta in t y  i n  a  shore l  i n e  p o s i t i o n  change between two o r  more surveys was 

less  than the  measured change. 

2. NOS Maps. The NOS maps represent  t h e  longest  sent i -quant i f iab le  data s e t  

on shore l ine  changes a v a i l a b l e  i n  southern C a l i f o r n i a .  The 130-year t i m e  span 

between some o f  t he  shore l ines  i s  two t o  th ree  times the  span covered by 



usab le  a e r i a l  photographs. NOS map da ta  thus  a l l o w s  a  more extended temporal  

a n a l y s i s  of v a r i a t i o n s  i n  s h o r e l i n e  change r a t e s  than  a v a i l a b l e  elsewhere. 

In1 t he  absence of o t h e r  da ta ,  p a s t  s h o r e l i n e  changes u s u a l l y  p r o v i d e  t h e  b e s t  

a v a i l a b l e  b a s i s  f o r  p r e d i c t i n g  f u t u r e  changes. An e x t r a p o l a t i o n  o f  p a s t  

changes i s  n o t  w i t h o u t  r i s k  though. Man's a c t i o n s  have s i g n i f i c a n t l y  a f f e c t e d  

t h e  n a t u r a l  c o a s t a l  processes and may the reby  have a1 t e r e d  t h e  r a t e s  and 

p a t t e r n s  o f  s h o r e l i n e  change. N a t u r a l  processes t h a t  a f f e c t  t h e  s h o r e l i n e  may 

a l s o  have changed ove r  t ime .  

A d i r e c t  a p p l i c a t i o n  o f  t h e  i n t e r p r e t a t i o n s  g i v e n  i n  t h i s  r e p o r t  i s  r i s k y .  

The smal l  number o f  surveyed shore l  i n e s  a v a i l a b l e  f o r  a n a l y s i s  a t  any g i v e n  

l o c a t i o n  and t h e  u n c e r t a i n t i e s  i n  u s i n g  t h e  s h o r e l i n e s  t o  e s t a b l i s h  - n e t  

shore l  i n e  change r a t e s  1  i m i  t t h e i r  use fu l  ness t o  semi-quant i  t a t i v e  

a p p l i c a t i o n s  i n  t h e  absence o f  o t h e r  data.  Accord ing ly ,  causes o f  s h o r e l i n e  

behav io r  suggested i n  t h e  r e p o r t  a re  somewhat s p e c u l a t i v e .  They b e s t  se r ve  as  

work ing  hypotheses t h a t  shou ld  be t e s t e d  by r i g o r o u s  f i e l d  i n v e s t i g a t i o n s  and 

more d e t a i l e d  o f f i c e  analyses. 

Th i s  r e p o r t  i s  i n t ended  f o r  use i n  c o n j u n c t i o n  w i t h  t h e  spec ia l -purpose  

s h o r e l i n e  maps pub l i shed  i n  1984 by t h e  Na t i ona l  Oceanic and Atmospher ic 

Admini s t r a t i o n ,  N a t i o n a l  Ocean Se rv i ce  (NOS). The maps a r e  a v a i l a b l e  f r om  t h e  

U.S. Army Corps of  Engineers ,  Los Angeles D i s t r i c t ,  Coas ta l  Resources Branch, 

P.O. Box 2711, Los Angeles, C a l i f o r n i a  90053-2325. Twenty U.S. Geo log ica l  

Survey quadrangle maps ( s c a l e  = 1:24,000) were used as a  base f o r  t h e  f i f t e e n  

shore l  i n e  change maps. Shore1 i n e  p o s i t i o n  da ta  e x t r a c t e d  f r om 127 sho re l  i n e  

surveys a t  sca les  o f  1:5000 t o  1:20,000 were t h e  b a s i c  da ta  se t .  O lde r  



surveys, made i n  1851 to ,  b u t  no t  i n c l u d i n g  1972, used p lanetab le  methods. I n  

1972 and 1982 t h e  shore l ines  were es tab l ished us ing  photogrammetric methods. 

A d iscuss ion  of how the  map shore l ines  were es tab l ished i s  presented i n  a  

companion r e p o r t  t h a t  should be consul ted when the  maps a re  used: 

Shore1 i n e  Movement Data Report, Portuguese Po in t  t o  Mexico Border ( 1852- 

1982), U.S. Army Corps o f  Engineers, Los Angeles D i s t r i c t ,  Report CCSTWS 

85-10, December 1985, 49 p. 

For  i n f o r m a t i o n  concerning coas ta l  processes i n  t he  reaches covered by t h e  

maps the  f o l l o w i n g  summary r e p o r t  should be consulted: 

Southern C a l i f o r n i a  Coastal Processes, Data Summary, U.S. Army Corps 

o f  Engineers, Los Angeles D i s t r i c t ,  Report CCSTWS 86-1, February 

1986, 572 p. 

In format ion conta ined i n  these repo r t s  i s  no t ,  f o r  the most p a r t ,  reproduced 

i n  t h i s  repo r t .  

3. Map Shorel ines. The shore l ine  on the  maps i s  def ined by NOS as the mean 

h igh  water  (MHW) shore1 ine.  I t  i s  the  conceptual i n t e r s e c t i o n  o f  t he  s t i  11  

water sur face o f  t he  ocean a t  MHW e l e v a t i o n  w i t h  land. I n  c e r t a i n  cases 

shore l ines  ob ta ined from a e r i a l  photographs and pub l ished Corps o f  Engineers 

survey da ta  a r e  inc luded t o  supplement t he  map s h o r e l i n e  data. 

A map sho re l i ne  i s  t he  sho re l i ne  t h a t  e x i s t e d  a t  t h e  moment t h e  sho re l i ne  

survey was made. It may be a t  any p o s i t i o n  w i t h i n  i t s  r e v e r s i b l e  range. 



Revers ib le changes i n  sho re l i ne  p o s i t i o n ,  i .e., sho re l i ne  movement one way 

then back again w i t h o u t  a  n e t  change, occur  on a l l  scales o f  t ime. Storms i n  

the  autumn and w i n t e r  t y p i c a l l y  cause sand t o  be moved o f f sho re  r e s u l t i n g  i n  

sho re l i ne  r e t r e a t .  During post-storm per iods,  u s u a l l y  sp r i ng  and summer when 

wave he igh ts  a r e  lower and wave per iods a re  longer,  the sand t y p i c a l l y  moves 

onshore again and the  shorel i n e  advances seaward. I t  i s  n o t  poss ib le  t o  

e s t a b l i s h  where the  map shore l ine  was i n  t h e  r e v e r s i b l e  sho re l i ne  change cyc le  

when the  survey was made. 

The ac tua l  n e t  change i n  sho re l i ne  p o s i t i o n  between surveys i s  t h e  r e l a t i v e l y  

long- term change t h a t  occurred when r e v e r s i b l e  movements o f  t h e  sho re l i ne  a re  

removed. The c a l c u l a t e d  ne t  change i n  sho re l i ne  p o s i t i o n  obta ined f rom the  

maps i s  t he  shore-normal d is tance between two o r  more shore l ines  surveyed a t  

d i f f e r e n t  t imes. The ac tua l  ne t  change thus i s  w i t h i n  the  bounds o f  t he  map 

p o s i t i o n  o f  t he  sho re l i ne  p lus  o r  minus u n c e r t a i n t y  i n  t h a t  va lue a t  t h e  t ime 

of the  second survey niinus the  map p o s i t i o n  of t he  sho re l i ne  a t  t he  t ime of 

t he  f i r s t  survey p l u s  o r  minus the unce r ta in t y .  The c a l c u l a t e d  r a t e  of 

sho re l i ne  change between surveys i s  the  c a l c u l a t e d  ne t  change d i v i d e d  by t ime 

between surveys. 

4 .  Conversion o f  Shorel ine P o s i t i o n  Change t o  Sediment Volume Change. It was 

sometimes use fu l  t o  conver t  shore l ine  p o s i t i o n  change t o  sediment volume 

change i n  o rder  t o  f a c i l i t a t e  the  i n t e r p r e t a t i o n  e f f o r t .  For example, when a  

known q u a n t i t y  o f  b e a c h f i l l  was added t o  the  Newport L i t t o r a l  C e l l  the  

shorel i n e  advanced seaward. The p r o f i l e  seaward of t he  shorel  ine ,  o r  

shoreface, a l so  advanced and the magnitude o f  shoreface advance was dependent 

on t h e  vo1 ume of added fill, the depth a t  the  base o f  t h e  shoreface, and t h e  

e l e v a t i o n  o f  the  beach berm. The depth o f  t he  base o f  t he  shoreface v a r i e s  



from 15 t o  45 ft below MHW depending on l o c a t i o n  a long the  southern C a l i f o r n i a  

coas t  ( M o f f a t t  & Nichol ,  Engineers, 1987; Ever ts  e t  a l ,  1987; and Ever ts ,  

1988). The berm e l e v a t i o n  i s  u s u a l l y  4 t o  10 f t  above MHW. 

The v e r t i c a l  dimension o f  the  shoreface, hS, i s  the  d i f f e r e n c e  between t h e  

e l e v a t i o n  o f  t h e  berm and the  depth a t  t he  base o f  t he  shoreface. When t h e  

average shape o f  the shoreface reniains unchanged as the  shoreface r e t r e a t s  o r  

advances the  n e t  sediment volume change, A V ,  i s  r e l a t e d  n e t  sho re l i ne  change, 

A S ,  f o r  the  same t ime p e r i o d  as 

i n  which 1  = longshore dimension o f  sho re l i ne  reach. The assumption o f  an  

unchanging shoreface shape i s  based upon the  observat ion t h a t  t h e  shore face 

p r o f i l e  f l uc tua tes  about a dynamic e q u i l i b r i u m  shape over  a  t ime  pe r iod  on the  

o rde r  of many years (Mof fat t  & Nichol  , Engineers, 1987; Ever ts  e t  a1 , 1987). 

Shoreface shape i s  p r i m a r i l y  c o n t r o l l e d  by sediment s i z e  and the  wave c l i m a t e .  

The average wave c l ima te  changes r e l a t i v e l y  l i t t l e  over  a  l ong  t ime p e r i o d .  

Consequently, t he  shape of t he  shoreface u s u a l l y  changes r e l a t i v e l y  l i t t l e  i f  

t h e  composit ion o f  shoreface sediments i s  no t  severely  a l t e red .  

5. M i l e  Designat ions and Coastal Compartments. Shore l ine  m i l e  des igna t i ons  

were es tab l ished f o r  ease i n  desc r ib ing  sho re l i ne  l o c a t i o n .  L a t i t u d e  

boundaries used by Ever ts  e t  a1 (1983) on the  U.S. A t l a n t i c  coast  a re  n o t  as 

easy t o  v i s u a l i z e  i n  t he  study area as m i l e  boundaries. Longshore d i s t a n c e s  

between l a t i t u d e  boundaries v a r i e s  g r e a t l y  as the sho re l i ne  o r i e n t a t i o n  

changes between the  US-Mexico border  and Portuguese Po in t .  Most i m p o r t a n t l y  

though, as the  sho re l i ne  changes f rom a  nor th -south  t rend,  where l a t i t u d e  



boundaries can be used, t o  an east-west t rend,  a  s h i f t  must be made t o  

long i tude boundaries. Th is  complicates boundary designat ions t o  the  ex ten t  

t h a t  equ i -d i s tan t  m i l e  boundaries become much more desi reable.  

Longshore boundaries were es tab l ished,  by m i le ,  no r th  o f  the  US-Mexico border  

which i s  t he  o r i g i n .  Except f o r  major changes i n  sho re l i ne  o r i e n t a t i o n  a t  

Po in t  Loma, Po in t  La J o l l a ,  Dana Po in t ,  and Po in t  Fermin, t he  d is tance between 

m i l e  boundaries was h e l d  constant  a t  5280 f t  i n  s t r a i g h t l i n e  d is tance a long 

the  1982 shore l ine .  S t r a i g h t l i n e  d is tances were used because topograph ica l l y  

rough reaches o f  the  coast w i t h  many headlands g r e a t l y  d i s t o r t  t h e  mileage 

scale.  A t  t he  f o u r  major headlands, two s t r a i g h t  sho re l i ne  segments w i t h  

o r i e n t a t i o n  s h i f t s  about t he  p o i n t  were used t o  e s t a b l i s h  t h e  m i l e  boundaries. 

M i l e  designat ions cont inue across r i v e r ,  lagoon and bay entrances. 

The coast was segmented i n t o  major coas ta l  compartments (F ig .  1). Each 

compartment i s  t r e a t e d  separate ly  i n  t h i s  repo r t .  Beginning a t  t h e  US-Mexico 

Border the compartments are: 

1. S i l v e r  Strand L i t t o r a l  C e l l  

2. Miss ion Bay L i t t o r a l  Ce l l  

3. Oceanside L i t t o r a l  Ce l l  

4. Laguna Beach Compartment 

5. Newport L i t t o r a l  C e l l  

6. South Palos Verdes Compartment 

Three reaches are  e s p e c i a l l y  noteworthy because o f  the r e l a t i v e l y  l a r g e  

sho re l i ne  changes occurred there.  These are t h e  S i l v e r  Strand L i t t o r a l  Ce l l  

( M i l e  0 t o  M i l e  13.6), the  Oceanside Subreach ( M i l e  53 t o  M i l e  63)  i n  the  



EWPORT LITTORAL CELL 196.7 - 112.3) 

SOUTH PALOS VERDES 
COMPARTMENT 1126.0- LACUNA BEACH COMPARTUEHT (83.0- 96.41 
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Figure  1. Locat ion  map showing coas ta l  compartments between the  US-Mexico 
border  and Portuguese Po in t ,  Cal i f o r n i a ;  m i l e s  n o r t h  of US-Mexi co 
border  a re  given i n  parentheses. 



Oceanside L i t t o r a l  C e l l ,  and t he  e n t i r e  Newport L i t t o r a l  Cell ( M i l e  96.7 t o  

M i l e  112.3) .  A subreach i s  a des ignated p a r t  o f  a l i t t o r a l  c e l l ,  u s u a l l y  w i t h  

alongshore boundar ies a t  a headland, r i v e r  o u t l e t  o r  lagoon ent rance.  

Subreaches were e s t a b l i s h e d  t o  separate l o n g  l i t t o r a l  c e l l s  i n t o  workable 

segments f o r  a n a l y s i s  and i n t e r p r e t a t i v e  reasons. The n o r t h  one-ha l f  o f  t h e  

San Pedro L i t t o r a l  C e l l  ( M i l e  112.3to M i l e  126) i s  n o t  cons idered  i n  t h e  

a n a l y s i s  i s  because i t  i s  i n  t h e  l e e  o f  t h e  Los Angeles-Long Beach Breakwater 

and i t s  shore1 i n e  i s  predominant ly  c o n t r o l  l e d  by s t r u c t u r e s .  



I I .  EVALUATION OF MAP DATA 

S h o r e l i n e  change d is tances  ob ta i ned  by a comparison of  two o r  more shore1 i r w s  

surveyed a t  d i f f e r e n t  t imes a re  s u b j e c t  t o  u n c e r t a i n t y .  Consequently a n e t  

s h o r e l i n e  change ob ta i ned  f ron i  t h e  niaps shou ld  be cons idered  t o  l i e  w i t h i n  a  

range o f  p robab le  d i s t ances ,  r a t h e r  than  t o  be a s i n g l e  d i s t ance .  E r r o r s  made 

d u r i n g  t h e  da ta  c o l l e c t i o n ,  da ta  r e d u c t i o n  and da ta  a n a l y s i s  phases o f  [nap 

p r o d u c t i o n  a r e  t h e  human p a r t  o f  t h e  u n c e r t a i n t y .  Reve rs i b l e  movemerlts o f  t h e  

s h o r e l i n e ,  b e s t  rep resen ted  by t h e  n a t u r a l  seasonal f l u c t u a t i o n s  common i n  

sou thern  Cal i f o r n i a  a r e  t h e  second e lment  o f  u n c e r t a i  ny. They reduce a c c u r a c y  

when t h e  n e t  change i n  s h o r e l i n e  p o s i t i o n  i s  t he  d e s i r e d  parameter.  

U n c e r t a i n t i e s  i n t r o d u c e d  by human and n a t u r a l  f a c t o r s  a re  cons idered  f i r s t  i n  

t h i s  sec t i on .  A maximum range o f  u n c e r t a i n t y  i s  des ignated.  Net shore1 i ne 

p o s i t i o n  changes and n e t  s h o r e l i n e  change r a t e s  ob ta i ned  u s i n g  t h e  NOS maps 

a r e  n e x t  compared t o  r a t e s  and p o s i t i o n s  ob ta i ned  u s i n g  a e r i a l  pho tog raphs  and 

surveyed p r o f i l e  data.  The r e s u l t s  i n d i c a t e  t he  p r a c t i c a l ,  use fu l  range o f  

u n c e r t a i n t y  i s  about h a l f  t h e  maximum range. When c a l c u l a t e d  s h o r e l i n e  

changes f r om t h e  NOS maps exceed t h e  p r a c t i c a l  range, t h e  da ta  were f o u n d  t o  

a c c u r a t e l y  d e f i n e  t he  t r e n d  i n  s h o r e l i n e  behav io r ,  and s e m i - q u a n t i t a t i v e l y  t o  

d e f i n e  t h e  a c t u a l  rates o f  change. 

1. Maximum Unce r t a i n t y .  

( a )  Human E r ro r .  Huntan f a c t o r s  t h a t  produce u n c e r t a i n t y  i n c l u d e  t h e  use 

o f  i n c o r r e c t  s e l e c t i o n  c r i t e r i a  t o  d e f i n e  t h e  MHW l i n e ,  survey e r r o r s ,  e r r o r s  

i n t r oduced  when raw f i e l d  da ta  are reduced, e r r o r s  i n t r oduced  when t h e  

s h o r e l i n e s  on o r i g i n a l  manuscr ip ts  a r e  conver ted  t o  common-datum and common- 

s c a l e  s h o r e l i n e s  on t h e  NOS s h o r e l i n e  maps o f  1984, and e r r o r s  r e s u l t i n g  f r o m  



t h e  s h o r e l i n e  comparison analyses u s i n g  t h e  maps. The maximum p robab le  human- 

f a c t ~ r  e r r o r ,  if a l l  e r r o r s  were cumu la t i ve ,  i s  about 120 f t  as shown i n  Table  

I .  The a c t u a l  e r r o r  i s  l e s s  becaus? a l l  e r r o r s  a r e  n o t  cumulat ive.  E r r o r s  

r e s u l t i n g  f rom survey,  r eco rd i ng  and a n a l y s i s  procedures a re  m o s t l y  random. 

TABLE 1. U n c e r t a i n t i e s  I n v o l v e d  i t )  Coniparing Two NOS Map Shore1 i n e s  

TYPE OF UNCERTAINTY UNCERTAINTY ( f e e t ) l  

A. R e s u l t i n g  f rom tiuman Fac to rs .  

1. S e l e c t i o n  o f  MHW shore1 i n e  b e f o r e  1972 20 

S e l e c t i o n  o f  FiHW shore1 i n e  a f t .e r  1972 20 

2. Survey e r r o r s ,  p lane  tablemethod b e f o r e  1972 30 

A e r i a l  photograph da ta  e x t r a c t i o n  a f t e r  1972 4 0 

3. E r r o r s  i n  reduc ing  f i e l d  da ta  20 

4. Datum e r r o r s  

5.  Map cop ies  and r e d u c t i o n  e r r o r s  

To ta l  maximum cumula t i ve  u n c e r t a i n t y  caused 

by human f a c t o r s  120 ft 

B. R e s u l t i n g  f rom Na tu ra l  Fac to rs .  

To ta l  maxirnum u n c e r t a i n t y  r e s u l t i n g  f r om  

n a t u r a l  f a c t o r s  

'ye, t e x t  f o r  e x p l a n a t i o n  o f  how u n c e r t a i n t y  was d e r i v e d  

10 



Two p o t e n t i a l  e r r o r s  e x i s t  i n  t h e  s e l e c t i o n  o f  t h e  MHW s h o r e l i n e  i n  t h e  f i e l d .  

F i r s t ,  t h e  c r i t e r i a  used i n  s e l e c t i t i g  t h e  MHW l i n e  may n o t  a c t u a l l y  p r o d u c e  

t h a t  l i n e .  Second, t h e  f i e l d  s e l e c t i o n  i t s e l f  niay n o t  be accura te .  

The methodology used t o  s e l e c t  t h e  MHW sho re l i r i e  v a r i e d  between surveys.  

P r i o r  t o  1972 i t  was es tab l  i shed  on t h e  ground u s i n g  a p l a n e  t a b l e .  The 

shore1 i n e  i n  1972 and 1982 was ob ta i ned  f r om mapping-qua1 i t y  a e r i a l  

photographs. The MHW s h o r e l i n e ,  measured a t  t h e  t i m e  t h e  f i e l d  survey was 

made, was marked w i t h  s takes  f o r  l a t e r  r e fe rence  purposes when h y d r o g r a p h i c  

surveys were made. L e v e l i n g  methods were n o t  used t o  e s t a b l i s h  t h e  MHW 

s h o r e l i n e .  Rather ,  i t s  l o c a t i o n  was based on p h y s i c a l  appearance. Most  

commonly t h e  MHW s h o r e l i n e  was d e f i n e d  and e s t a b l i s h e d  by t h e  f i e l d  s u r v e y o r  

a t  t h e  d e b r i s  l i n e  l e f t  f r om  t h e  p r e v i o u s  h i g h  t i d e  (Sha low i t z ,  1964).  The 

d r i f t l i n e  l e f t  by s torn i  surges was d i s rega rded  (Wa in r i gh t ,  1898). T i d a l  

e l e v a t i o n  was cons idered  and most su rveyors  were exper ienced  observers .  

I t  i s  r e l a t i v e l y  easy t o  i d e n t i f y  and f i x  t h e  l o c a t i o n  o f  t h e  d e b r i s  l i n e .  

The re fo re  t h e  f i e l d  s e l e c t i o n  o f  t h a t  l i n e  shou ld  produce a smal l  e r r o r ,  

p robab l y  l e s s  than  5 ft. When q u a n t i t i e s  o f  f l o a t i n g  d e b r i s  a re  a b s e n t ,  

however, as o f t e n  i s  t h e  case i n  sou thern  C a l i f o r n i a ,  sma l l  p a r t i c l e s  o f  

d e b r i s  i n  i n t e r m i t t e n t  patches o r  l i n e s  must be used o r  t h e  surveyor  m u s t  

r e s o r t  t o  o t h e r  s e l e c t i o n  c r i t e r i a .  P r i o r  t o  t.he r a p i d  human developmer l t  o f  

t he  southern C a l i f o r n i a  c o a s t  f o l l o w i n g  t h e  Second World War, most o f  t h e  

d e b r i s  p robab ly  canie f r om  two n a t u r a l  sources: (1) r i v e r s  w i t h  seasona l  i n p u t  

t o  t h e  ocean, and ( 2 )  k e l p ,  seagrass and o t h e r  organisms f r om t h e  o c e a n  which 

become a v a i l a b l e  when detached f r om t h e  seabed or when t o r n  loose  f r o m  grow ing  

p l a n t s  by  s torm waves. The q u a n t i t y  o f  t h i s  d e b r i s  r each ing  t h e  beaches  f r om 

bo th  sources v a r i e s  seasona l l y .  Q u i  t e  1 i k e l y  t h e  su rveyors  had t o  u s e  



s e l e c t i o n  c r i t e r i a  o t h e r  than  a d e b r i s  l i n e  some of t h e  t ime.  Sha low i t z  

(1964) notes d i f fe rences  i n  sand coarseness and compactness, and sand c o l o r  

d i f f e r e n c e s ,  were a l s o  used t o  d i s c r i n l i n a t e  t h e  MHW s b r e l i n e  i n  t h e  absence 

o f  a  d e b r i s  l i n e .  A more d e t a i l e d  d i scuss ion  o f  MHW l i n e  s e l e c t i o n  c r i t e r i a  

i s  g i v e n  i n  Eve r t s  e t  a1 (1983). 

I t  i s  n o t  p o s s i b l e  t o  q u a n t i f y  i naccu rac i es  t h a t  r e s u l t  when a  d e b r i s  l i n e  i s  

absent. U n c e r t a i n t i e s  i n v o l v e d  i n  the  assun~p t i on  t h a t  t h e  d e b r i s  l i n e  i s  t h e  

MHW s h o r e l i n e ,  however, a re  p robab l y  g r e a t e r  thdn  i n a c c u r a c i e s  i n  e s t a b l i s h i n g  

t he  d e b r i s  ( o r  o t h e r )  l i n e  i n  t h e  f i e l d .  The d e b r i s  1  i n e  forms c o n s i d e r a b l y  

above t h e  MHW l i n e  near  t h e  t ime  h i g h  t i d e  begins t o  recede. I t s  e l e v a t i o n  

i s  a t  t h e  upper  l i m i t  o f  wave uprush on t h e  foreshore and w e l l  above t h e  

ac tua l  i n t e r c e p t  o f  t h e  s t i l l  wa te r  l i n e  and t h e  beach sur face  a t  t h e  t ime  of  

h i gh  t i d e .  S ince t h e  MHW l i n e  was se lec ted  i n  t h e  same way f o r  a l l  surveys 

p r i o r  t o  1972, i t s  r e l a t i v e  e l e v a t i o n  between those surveys w i l l  v a r y  o n l y  as 

t h e  d e b r i s  1  i n e  e l e v a t i o n  v a r i e s  between surveys.  

Storm surges were n o t  cons idered  and t h e  surveyors  were w e l l  aware o f  t h e  t i d e  

e l e v a t i o n  a t  t h e  t ime  t h e y  made t h e i r  survey. The l owe r  o f  t h e  two d a i l y  h i g h  

wate r  p e r i o d s  does n o t  l e a v e  a  l a s t i n g  d e b r i s  l i n e .  Only  t h e  d a i l y  h i g h  wate r  

d e b r i s  l i n e  was cons idered.  Based on a d e b r i s  ( o r  o t h e r )  l i n e  c r i t e r i o n ,  t h e  

d i f f e rence  i n  e l e v a t i o n  of t h e  s e l e c t e d  MHW s h o r e l i n e  was p robab l y  n o t  g r e a t e r  

than 1 f t  from one survey t o  t h e  n e x t  a t  t h e  same beach. W i t h  an average 1:5 

t o  1:20 fo reshore  s lope ,  t h e  h o r i z o n t a l  range i n  s h o r e l i n e  p o s i t i o n  between 

surveys r e s u l t i n g  f r om  d i f f e r e n t  e l e v a t i o n s  o f  t he  d e b r i s  l i n e  i s  about 5 t o  

20 ft. Twenty f e e t  i s  cons idered  t h e  maximem combined u n c e r t a i n t y  i n  

s h o r e l i n e  p o s i t i o n  t h a t  r e s ~ r l t s  frorn an i m p e r f e c t  s e l e c t i o n  c r i t e r i o n ,  and 



from s e l e c t i o n  inaccuracies i n  e s t a b l i s h i n g  the  MHW sho re l i ne  a t  the t i m e  the  

survey was made. 

I n  1972 and t h e r e a f t e r  the l o c a t i o n  o f  t he  MHW sho re l i ne  was es tab l i shed  us ing  

a e r i a l  photographs. Shorel ine analyses us ing  a e r i a l  photographs r e q u i r e s  the  

i n t e r p r e t e r  c o n s i s t e n t l y  and o b j e c t i v e l y  i d e n t i f y  a  l i n e  i n  the  coasta l  zone. 

This  l i n e  must e i t h e r  be the  sho re l i ne  o f  i n t e r e s t ,  o r  i t  must be a  l i n e  t h a t  

changes p o s i t i o n  d i r e c t l y  w i th ,  o r  i n  a  known r e l a t i o n s h i p  t o ,  the s h o r e l i n e  

o f  i n t e r e s t .  P o s s i b i l i t i e s  i nc lude  the  vegeta t ion  l i n e ,  dune l i n e ,  w a t e r  o r  

swash l i n e  and wet ted bound. 

The wet ted bound i s  u s u a l l y  t h e  bes t  sho re l i ne  p o s i t i o n  marker. It does n o t  

vary apprec iab ly  over a  t i d a l  cyc le  (Langfe lder  and S t a f f o r d ,  1979; and Dolan 

and e t  a1 1979), i t  i s  i d e n t i f i a b l e  on most coas ta l  a e r i a l  photographs, i t  i s  

cont inuous a long the  shore, and i t  approximates the  sho re l i ne  used by NOS. 

The wetted bound i s  the  l i n e  forming the  boundary between sand sa tu ra ted  a t  

the t ime o f  h i g h  t i d e  and d r i e r  sand landward o f  t h a t  l i m i t .  Dry sand i s  

l i g h t  gray on a e r i a l  photos. Dolan, e t  a1 (1979) found t h a t  t h e  wet ted  bound 

moved an average of on ly  2 t o  6 f ee t  over  a  t i d a l  cyc le .  The wetted bound 

p o s i t i o n  i s  dependent upon changing wave cond i t i ons ,  t i d a l  e leva t i on ,  and 

water tab1 e  f l u c t u a t i o n s  which cause v a r i a t i o n s  f rom an "average" 1  oca t i on .  

Sometimes a  deb r i s  l i n e  obscures t h i s  boundary on a e r i a l  photographs. 

Unce r ta in t i es  i n  the MHW s e l e c t i o n  process are probably s i m i l a r  o r  s l i g h t l y  

l e s s  than they were when p lane t a b l e  methods were used. 

For the  e a r l i e r  p lane- tab le  surveys Shalowi tz  (1964) notes t h a t  w i t h  normal 

l o c a l  c o n t r o l  i t  was poss ib le  t o  measure d is tances w i t h  an accuracy o f  3 f t  

and l oca te  the p lane t a b l e  w i t h i n  6 t o  10 f t  o f  i t s  t r u e  p o s i t i o n .  He f u r t h e r  



notes  e r r o r s  i n  i d e n t i f y i n g  t h e  ac tua l  h i g h  wate r  ( n o t  MHW) 1  i n e  may be 10 t o  

12 f t  such t h a t  a c t u a l  l o c a t i o n  of  t h e  h i g h  wa te r  l i n e  on e a r l y  surveys i s  

w i t h i n  a  maximum e r r o r  of  30 ft and p o s s i b l y  much more accu ra te  than  t h a t .  

Shalowi tz  (1964) f u r t h e r  no tes  e r r o r s  of  as much as  an a d d i t i o n a l  30 f t  cou ld  

r e s u l t  from i r r e g u l a r i t i e s  i n  t h e  h i g h  wa te r  l i n e  n o t  v i s i b l e  t o  t he  

topographer.  Th i s  e r r o r  i s  p robab ly  o f  min imal  consequence i n  t h e  s tudy  area 

because s h o r e l i n e  i r r e g u l a r i t i e s  would be averaged o u t  i n  e s t a b l i s h i n g  t h e  n e t  

s h o r e l i n e  r e t r e a t  r a t e .  Most sandy southern C a l i f o r n i a  beaches, even those  

con ta ined  between nearby headlands, a r e  u s u a l l y  q u i t e  smooth i n  p lanform.  

E r ro r s  i n  h i g h  wa te r  l i n e  l o c a t i o n  were n o t  a l l owed  t o  accumulate. Sha low i tz  

(1964) no tes  t h e  p o s i t i o n  of t h e  l i n e  was c o n s t a n t l y  c o n t r o l l e d  by  

t r i a n g u l a t i o n .  Surveys were n o t  synop t i c .  They g e n e r a l l y  took  months, and i n  

some cases years .  So temporal  changes i n  t h e  s h o r e l i n e ,  e s p e c i a l l y  between 

far-removed reaches, were p o s s i b l y  g rea t .  

The MHW l i n e  u s u a l l y  can be l o c a t e d  t o  w i t h i n  20.5 mm on t h e  maps. A t  a  map 

sca le  o f  1:24,000 t h e  u n c e r t a i n t y  i n  p o s i t i o n  i s  - +39.5 ft. The u n c e r t a i n t y  i s  

+16.5 ft. on an h i s t o r i c  map w i t h  a sca le  o f  1:10,000, The 0.5 mm map s c a l e  - 
accuracy was ma in ta ined  when source maps were reduced t o  1:24,000. The - +39.5 

f e e t  accuracy bound i s  a  maximum. Eve r t s  e t  a1 (1983) n o t e  a r e c e n t  F l o r i d a  

s h o r e l i n e  mapping p r o j e c t  checked t h e  r e s u l t s  ob ta i ned  f r o m  an a n a l y s i s  o f  NOS 

manuscr ip ts  and a e r i a l  photographs u s i n g  a  f i e l d  t r a v e r s e  and found a  l o c a t i o n  

e r r o r  o f  - +10 f e e t .  Th i s  suggests t h e  accuracy w i l l  be s i g n i f i c a n t l y  b e t t e r  

than - t39.5 f e e t .  

E r ro r s  i n v o l v e d  i n  reduc ing  f i e l d  no tes  and i n  t h e  subsequent p r o d u c t i o n  of 

t he  s h o r e l i n e  map (T-shee t )  f o r  a  s p e c i f i c  survey a r e  unknown, b u t  a r e  l i k e l y  



l e s s  than 20 ft. They would n o t  l i k e l y  be cumulat ive i n  an alongshore 

d i  r e c t  i on o r  between surveys. 

A l l  post-1927 h i s t o r i c a l  maps were compiled us ing  the  1927 Nor th  American 

Datum. Adjustments were made when poss ib le  t o  uncorrected pre-1927 maps f o r  

t h e  shore1 i ne mapping p r o j e c t .  When accuracy requ i  rements cou ld  not  be met  

t he  cha r t  was n o t  used (USACE-LAD, 1985). Datum e r r o r s  i n  pre-1927 s h o r e l i n e  

p o s i t i o n s  a r e  consequently smal l  ( l e s s  than 10 f t )  compared t o  o the r  p o t e n t i a l  

e r r o r s  and unce r ta in t i es .  

One hundred s i x t y - f i v e  h i s t o r i c a l  maps were a v a i l a b l e  and 127 were chosen. 

Incompat ib le map scale, d i s t o r t i o n s  and datum problems accounted f o r  t he  

r e j e c t i o n  o f  38 maps. Bromide p r i n t s  were,made of o r i g i n a l  maps. These were 

subsequently t r a n s f e r r e d  t o  m a t t e - f i n i s h  f i l m  p o s i t i v e  t o  o b t a i n  more 

dimensional f i l m  s t a b i l i t y .  These were then reduced t o  a common 1:24,000 

sca le  on stable-base Mylar.  Maximum est imated photogrammetric rep roduc t i on  

e r r o r s  and e r r o r s  t h a t  r e s u l t  f rom s l i g h t  misalignments on the  map p r i n t i n g  

press a t  t he  1:24,000 sca le  a r e  - +39.5 f e e t  ground d is tance (USACE-LAD, 1985). 

Non- l inear  and d i f f e r e n t i a l  shr inkage o r  s t r e t c h  i n  o r i g i n a l  c lo th -backed 

survey maps are inc luded a s  photogrammetri c  e r ro rs .  

b. Uncer ta in ty  Caused by Natura l  Phenomena. Beaches are among t h e  most 

dynamic o f  landforms. Shorel ine p o s i t i o n  va r ies  on a l l  scales o f  t ime. The 

MHW l i n e  may move h o r i z o n t a l l y  1 t o  10 f t  o r  more between t h e  low and h i g h  

t i d e  i n  a s i n g l e  day. I t  may move m i les  over  a pe r iod  o f  1 0 ' s  o f  thousands o f  

years as sea l e v e l  r i s e s  o r  fa1 1s. For  most coast.al p lann ing  and e n g i n e e r i n g  

purposes i t  i s  des i rab le  t o  e s t a b l i s h  ne t  changes t h a t  w i l l  occur on t h e  order  

o f  days t o  50-100 years. The change of most i n t e r e s t  i n  t h a t  which i s  



i r r e v e r s i b l e  over  a  s p e c i f i e d  p e r i o d  o f  i n t e r e s t ,  i .e. , the  n e t  t rend  i n  - 
shore l i ne  advance o r  r e t r e a t  over  t h e  l i f e  o f  a coas ta l  management p lan  o r  

s t ruc tu re .  Among i t s  a p p l i c a t i o n s  the  n e t  sho re l i ne  change r a t e  i s  used t o  

e s t a b l i s h  b u i l d i n g  setback l i n e s ,  t o  est imate l ong  term requirements f o r  beach 

nourishment, t o  manage the  beach sand resource, and i n  the  design o f  coasta l  

s t ruc tu res .  

When summed, r e v e r s i b l e  advances and r e t r e a t s  of t h e  sho re l i ne  equal zero, 

i .e. advances a re  balanced by r e t r e a t s .  Revers ib le  sho re l i ne  excurs ions 

cannot be es tab l ished us ing  the  sho re l i ne  change maps. Revers ib le  sho re l i ne  

changes, such as those t h a t  occur i n  a few day 's  t ime as a  r e s u l t  o f  a  wave 

storm, o r  seasonal ly  as the  inc idence of wave storms i n  C a l i f o r n i a  increases 

( u s u a l l y  autumn and w i n t e r )  and decreases ( u s u a l l y  sp r i ng  and summer), may be 

l a r g e r  than a  50 t o  100-yr ne t  change i n  sho re l i ne  p o s i t i o n .  The n e t  change 

i n  sho re l i ne  p o s i t i o n  i n  a  s p e c i f i e d  p e r i o d  i s  the change t h a t  occurs when the  

r e v e r s i b l e  component of sho re l i ne  change i s  removed. From a  p r a c t i c a l  

perspect ive  i t  i s  des i rab le  t o  e s t a b l i s h  the  r e v e r s i b l e  h o r i z o n t a l  excurs ion  

o f  t he  sho re l i ne  f o r  the  design o f  most shore p r o t e c t i o n  devices. When the 

most landward p o s i t i o n  o f  t h e  sho re l i ne  i s  es tab l i shed  along w i t h  t h e  n e t  

t r e n d  i n  t h a t  p o s i t i o n ,  t he  sca le  o f  p r o t e c t i o n  prov ided by a beach may be 

quan t i f i ed .  

C lea r l y ,  i n  us ing  the  sho re l i ne  change maps t o  e s t a b l i s h  and i n t e r p r e t  n e t  

sho re l i ne  change t rends,  r e v e r s i b l e  changes must be considered. They 

c o n s t i t u t e  the  most important  unce r ta in t y  i n  e s t a b l i s h i n g  n e t  s h o r e l i n e  change 

ra tes .  



While ne t  s h o r e l i n e  change r a t e s  genera l l y  average - +1 t o  - +5 f t l y r ,  t he  maximum 

r e v e r s i b l e  seasonal change i n  the  MHW l i n e  of southern C a l i f o r n i a  i s  p r o b a b l y  

10 t o  100 t imes as much. During a two-year pe r iod  t h a t  was n o t  abnormal ly  

stormy, Nordstorm and Inman (1975) surveyed th ree  p a r a l l e l ,  west-facing range 

l i n e s  along a s t r a i g h t  shore a t  Torrey Pines, n o r t h  of La J o l l a .  They 

developed a data se t  from which the  MHW 1 i n e  movements shown i n  F igure 2 were 

ex t rac ted .  The h o r i z o n t a l  and r e v e r s i b l e  movement o f  t he  MHW l i n e  v a r i e d  f rom 

75 t o  125 f t  i n  t h a t  two-year per iod.  The MHW l i n e  was u s u a l l y  most advanced 

i n  September and October. I t  r e t r e a t e d  t o  i t s  landward 1 im i  t between January 

and A p r i l .  From about the beginning o f  A p r i l  the MHW 1 i n e  advanced as sand 

moved shoreward. Autumn h igh  waves c a r r i e d  i t  seaward again, beginning t h e  

c y c l e  anew. 

Based upon the  data presented i n  F igure  2, r e v e r s i b l e  sho re l i ne  changes w i t h i n  

the  study area can reasonably be expected t o  vary over t he  p e r i o d  o f  a y e a r  by 

80-125 f t  ( o r  more). The Torrey Pines data are  f o r  a 1 i m i t e d  geographic a rea 

and a l i m i t e d  t ime per iod.  They probably represent  a seasonal range t h a t  i s  

near the maximum f o r  southern C a l i f o r n i a  because the  range l i n e s  are j u s t  

n o r t h  o f  Scr ipps and La J o l l a  Submarine Canyons. Re f rac t i on  over the  canyons 

focus '  wave energy a t  and near t h e  range l i n e s .  

Seasonal r e v e r s i b l e  excursions i n  the  MHW shore l i ne  as shown i n  F igure 2 ,  can 

p a r t i a l l y  o r  complete ly  mask a n e t  change i n  shore1 i n e  p o s i t i o n .  For example 

i f  one survey a t  Torrey Pines had been made i n  A p r i l ,  and t h e  f o l l o w i n g  

survey, many years l a t e r ,  had been made i n  September, over  100 f t  o f  t h e  

sho re l i ne  p o s i t i o n  change would l i k e l y  have been the  r e s u l t  o f  seasonal and 

r e v e r s i b l e  movements. This u n c e r t a i n t y  must be considered even though t h e  

st rong and r e p e t i t i v e  seasonal c y c l e  i n  F igure  2 cannot be assumed. 
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F igu re  2, Mean High Water sho re l i ne  p o s i t i o n s  a t  t h r e e  ranges across Torrey 
Pines Beach, La J o l l a ,  C a l i f o r n i a ,  showing seasonal f l u c t u a t i o n s  
o f  up t o  125 fee t .  



The c y c l e  o f  r e v e r s i b l e  change i s  u s u a l l y  s i m i l a r  a t  nearby l o c a t i o n s .  

Longshore t r e n d s  i n  n e t  s h o r e l i n e  change between surveys w i l l  o f t e n  p r o v i d e  

u s e f u l  data,  even though t h e  magnitude o f  t h e  ne t  change i s  ques t i onab le  

because i t  i s  w i t h i n  t he  maximum 1  i m i t s  o f  u n c e r t a i n t y .  T h i s  i s  an i m p o r t a n t  

p o i n t  because i t  i d e n t i f i e s  a  use o f  t h e  da ta  t o  e s t a b l i s h  s p a t i a l  t r ends  i n  

s h o r e l i n e  behav io r  when t rends  i n  t ime  cannot be q u a n t i f i e d .  

2. P r a c t i c a l  Range of Uncer ta in ty .  Comparisons made between da ta  o b t a i n e d  

f rom t h e  NOS maps and da ta  from o t h e r  sources show t h e  p r a c t i c a l  u n c e r t a i n t y  

range i s  about  h a l f  t h e  maximum range o r  about  60 ft. The 6 0 - f t  p r a c t i c a l  

range i s  a b e s t  guess based on f i e l d  da ta  i n  t h e  s tudy  area. MHW s h o r e l i n e  

p o s i t i o n s  from a e r i a l  photographs i n  t h e  Newport and Oceanside L i t t o r a l  C e l l s ,  

Corps o f  Engineers (1960) p r o f i l e s  i n  t h e  S i l v e r  S t rand  L i t t o r a l  C e l l ,  and  

known s h o r e l i n e  changes a t  Oceanside, San Onofre and P o i n t  Lorna were used t o  

e s t i m a t e  t h e  p r a c t i c a l  u n c e r t a i n t y  range. 

a. Evidence from t h e  Newport L i t t o r a l  Ce l l .  A comparison o f  t h e  MHW 

s h o r e l i n e  change r a t e  i n  t he  Newport L i t t o r a l  C e l l  ob ta i ned  u s i n g  t h e  NOS 

maps, and t h e  r a t e  e x t r a c t e d  f r om a e r i a l  photographs, i n d i c a t e s  good agreement 

i n  t r e n d  ( n e t  advance o r  r e t r e a t )  and f a i r  agreement i n  r a t e  as shown on 

F i g u r e  3. The NOS map r a t e  was ob ta ined  u s i n g  s h o r e l i n e s  surveyed i n  1959, 

1972 and 1982. The a e r i a l  photographs used t o  o b t a i n  t h e  s h o r e l i n e  change 

r a t e  f rom t h e  1959-1982 p e r i o d  were taken  i n  1957, 1960, 1973, 1974, and 1985. 

The Newport L i t t o r a l  C e l l  was s e l e c t e d  f o r  t h e  comparison because reaches 

w i t h i n  i t  exper ienced b o t h  advance and r e t r e a t ,  most changes between map 

surveys were l a r g e r  than  the maximum u n c e r t a i n t y  range, and q u i t e  a b i t  i s  

known about s h o r e l i n e  behav io r  i n  t h e  c e l l .  



- S I : ! ! ! : : ! ! ! : ! ! : ! ! !  
96.7 100 105 110 112.3 

SHORELINE MILE 

Figure  3. Comparison of MHW sho re l i ne  change ra tes  i n  Newport L i t t o r a l  C e l l  
us ing  NOS sho re l i ne  maps and a e r i a l  photographs; p e r i o d  o f  
coverage i s  1959 t o  1982. 



Seasonal and o ther  r e v e r s i b l e  movements of the MHW sho re l i ne  were n o t  a d j u s t e d  

(nor  was t h e r e  a  method t o  do so) before determin ing the  n e t  sho re l i ne  change 

r a t e s  shown i n  F igure  3. A l l  u n c e r t a i n t i e s  inherent  i n  us ing  the NOS maps and 

a e r i a l  photographs t o  e s t a b l i s h  ne t  sho re l i ne  change r a t e s  are  t h e r e f o r e  

present.  The map surveys and a e r i a l  photographs were n o t  obta ined i n  t h e  same 

years,  no r  the  same seasons. The n e t  change r a t e  i s  t h a t  which occu r red  

between 1959 and 1982 so a d i f f e r e n c e  o f  1 f t /y r  i s  equal t o  a d i f f e r e n c e  i n  

sho re l i ne  p o s i t i o n  o f  23 ft. 

The alongshore t rend  i n  sho re l i ne  advance and sho re l i ne  r e t r e a t  i s  c l e a r l y  

s i m i l a r  f o r  t he  two se ts  o f  data. Seasonal t rends and p o s s i b l e  e r r o r s  i n  

surveying and reducing the survey and a e r i a l  photograph data do no t  mask the 

n e t  23 y r  trends. Therefore, i n  the  Newport L i t t o r a l  C e l l  , an a n a l y s i s  o f  the 

1959, 1972 and 1982 map shore1 ines appears t o  p rov ide  a  v i a b l e  means t o  

e s t a b l i s h  ne t  t rends i n  sho re l i ne  behavior.  I n  a d d i t i o n  t o  q u a l i t a t i v e l y  

d e f i n i n g  the  t rends,  i t  appears the ne t  ra tes  of s h o r e l i n e  change can a1 so be 

est imated us ing  t h e  maps. While n e i t h e r  data s e t  represented i n  F i g u r e  3 i s  

1 i k e l y  t o  p rov ide  t h e  exact  ne t  change ra te ,  the  agreement i n  t rend  between 

the  two sets,  e s p e c i a l l y  where those t rends  are  known t o  be c o r r e c t ,  i n d i c a t e s  

t h e  120 f t  maximum u n c e r t a i n t y  (+5 - f t / y r )  i s  much t o o  la rge .  The maximum 

d i f fe rence i n  t h e  sho re l i ne  change r a t e s  a t  M i l e  99.5 i s  5 f t / y r  o r  115 f t  

w h i l e  t h e  average d i f ference,  based on the  d i f ference a t  each o f  16 s h o r e l i n e  

m i l e  l oca t i ons ,  i s  1.7 f t / y r  o r  an average 39.4 ft. The mean ne t  s h o r e l i n e  

change r a t e  us ing  these data se ts  v a r i e s  by - +0.9 f t / y r  and the  p r a c t i c a l  

u n c e r t a i n t y  i n  sho re l i ne  p o s i t i o n  i s  about 40 ft. 



b. Evidence from t h e  San Clemente Subreach. Four  s e t s  o f  a e r i a l  

photographs taken i n  1973, 1977, 1978 and 1981 were analyzed by  t h e  County o f  

Orange (1984) f o r  a  c o a s t a l  reach between M i l e s  78 and 81, j u s t  sou th  o f  Dana 

P o i n t  ( F i g .  4 ) .  D i f fe rences  i n  average s h o r e l i n e  p o s i t i o n  by  1-mi l o n g  

compartments ob ta i ned  from t h e  a e r i a l  photographs, and from t h e  NOS maps, f o r  

t he  p e r i o d  1972 t o  1982 a re  a t  Table  2. I n  a l l  compartments t h e  s h o r e l i n e  

advanced. Table 2 shows t h e  r e s u l t s  o f  a  we igh ted  l i n e a r  average w i t h  t h e  

1973-1981 p o s i t i o n  change ob ta i ned  u s i n g  t h e  photographs extended t o  cover  t h e  

p e r i o d  o f  t h e  maps. 

The s h o r e l i n e  change t r e n d  was t h e  same i n  each 1 - m i  reach  f o r  each da ta  se t .  

A comparison o f  t h e  da ta  s e t s  i n d i c a t e s  t h e  d i f f e r e n c e  i n  n e t  s h o r e l i n e  

p o s i t i o n  between 1972 and 1982 averaged 33 ft. S h o r e l i n e  p o s i t i o n  changes 

ob ta ined  f rom t h e  a e r i a l  photographs were c o n s i s t e n t l y  l a r g e r  i n  t h e  1972-1982 

per iod .  The t r e n d  i s  c o n s i s t e n t  w i t h  what a c t u a l l y  happened i n  t h a t  10 - y r  

pe r i od .  The magnitude o f  t h e  s h o r e l i n e  advance more than  doubles f rom e a s t  t o  

west i n  bo th  da ta  s e t s  (Tab le  2 )  w i t h  a d i f f e re r t ce  o f  20 t o  50 ft. 

c.  Evidence f r om t h e  S i l v e r  S t rand  L i t t o r a l  C e l l .  A comparison of 

Corps o f  Engineers survey da ta  and NOS map da ta  f rom t h e  S i l v e r  S t rand  

L i t t o r a l  C e l l  a l s o  i n d i c a t e s  t h e  p r a c t i c a l  u n c e r t a i n t y  range i s  cons ide rab l y  

l e s s  than  t h e  maximum u n c e r t a i n t y  range. The Corps o f  Engineers  (1960) 

surveyed a  number o f  shore-normal p r o f i l e  l i n e s  between 1937 and 1956 ( o r  

1954) be fo re  and a f t e r  a  l a r g e  q u a n t i t y  o f  b e a c h f i l l  advanced t h e  s h o r e l i n e  

sou th  o f  Coronado. A comparison of  MHW s h o r e l i n e  p o s i t i o n s  ob ta i ned  u s i n g  

those data,  and s h o r e l i n e  p o s i t i o n s  on t h e  NOS maps, i s  i l l u s t r a t e d  i n  F i g u r e  

5. 
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Figure  4. Shore l ine  p o s i t i o n  changes i n  San Clemente Subreach; upper diagram 
i s  NOS data, lower diagram i s  from a e r i a l  photographs; l a r g e  
s h o r e l i n e  advance n o r t h  of M i l e  79 shown on bo th  se ts  of d a t a  was 
probably caused by a reduc t i on  i n  n e t  longshore sediment t r a n s p o r t  
r a t e  because o f  wave s h e l t e r i n g  by Dana P o i n t  Harbor which was 
f i n i s h e d  i n  1968. 



Table 2. Shorel i n e  P o s i t i o n  Dif ferences a t  Capist rano Beach Obtained Using 

NOS Shore l ine  Maps and A e r i a l  Photographs 

Shore1 i n e  M i l e :  78-79 79-80 80-81 

DATA SET DIFFERENCE I N  SHORELINE POSITION, FT 

( 1 )  NOS niap (1972-1982) +4 5 + I10  + I30  

( 2 )  A e r i a l  Photographs 

(1973-1981 ) +60 + 105 + 145 

( 3 )  A e r i a l  Photographs 

(1972-1982)l 

(4 )  D i f f e rence  ( 3 ) - ( l ) ,  

f e e t  

Shorel ine change t rends evidenced i n  the  two data sets a r e  remarkably s i m i l a r  

away from the  beach t h a t  was f i l l e d .  The res to red  reach i s  s t r o n g l y  impacted 

by a r t i f i c i a l  beach f i l l  i n  t h e  e a r l y  and mid-1940's ( M o f f a t t  & N icho l ,  

Engineers, 1987) be fore  the  b e a c h f i l l  e q u i l  i b r a t e d .  Even though the  NOS and 

Corps o f  Engineers data were c o l l e c t e d  i n  d i f f e r e n t  ways and a t  d i f f e r e n t  

t imes o f  the  year ,  by 1954 the  d i f f e r e n c e  i n  cumulat ive s h o r e l i n e  change f o r  

t he  two data se ts ,  a f t e r  t h e  f i l l  e q u i l i b r a t e d ,  averaged about 15 f t  (range - 
40 t o  +90 f t ) .  The t o t a l  u n c e r t a i n t y  i n  us ing  t h e  NOS sho re l i ne  maps ( w i t h  

the reasonable assumption the  Corps f i e l d  surveys are accurate a t  MHW 

e leva t i on )  a t  the  S i l v e r  Strand i s  i n  t he  range 20-40 f t  f rom one survey t o  



t h e  o ther .  Shorel ine adjustment was r a p i d  fo l low ing the  1941-1946 p e r i o d  o f  

beach r e s t o r a t i o n .  As shown i n  F igure 5, by 1954 the  1937-1946 r a t e  o f  change 

i n  sho re l i ne  p o s i t i o n  had re tu rned  t o  nea r l y  the  1933-1960 NOS-map r a t e  f o r  

those l o c a t i o n s  s t r o n g l y  a f f e c t e d  by t h e  b e a c h f i l l .  

d. Evidence from the  Oceanside Area. Map shore l ines  a t  Oceanside have 

e x h i b i t e d  l a r g e  f l u c t u a t i o n s  i n  p o s i t i o n  s ince  1888. Away from the  reach 

s i g n i f i c a n t l y  in f luenced by l a r g e  sediment discharges i n  the  San Lu is  Rey and 

Santa Margar i ta  Rivers, and away from Oceanside Harbor, f i v e  map sho re l i nes  

a l l  were w i t h i n  a  6 0 - f t  wide envelope. H i s t o r i c  evidence i n d i c a t e s  the  

sho re l i ne  a c t u a l l y  was w i t h i n  t h i s  envelop (Kuhn and Shepard, 1984). F u r t h e r  

suppor t ing  t h a t  unce r ta in t y  envelop i s  the  change t h a t  took p lace no r th  o f  the 

harbor  betweeri 1934 and 1960. Breakwater cons t ruc t i on ,  completed i n  1942, 

caused a f i l l e t  t o  form t o  about 5.5-mi n o r t h  o f  t he  harbor.  Th is  caused t h e  

sho re l i ne  t o  advance over  the  no r the rn  2-mi long reach t h a t  p rev ious l y  

migrated w i t h i n  the  6 0 - f t  envelope. Nor th  o f  where the  f i l l e t  ended the  6 0 - f t  

maximum envelope of sho re l i ne  excurs ion  cont inued. South of i t  a  new 6 0 - f t  

wide envelope formed on the f i l l e t ,  b u t  i t  was approximate ly  100 ft seaward o f  

i t s  e a r l i e r  pos i t i on .  The f i l l e t  sho re l i ne  became s t a b l e  i n  the  1960-1982 

per iod.  

e. Evidence f rom San Onofre. San Onofre Nuclear Generat ing S t a t i o n  was 

constructed between the  NOS survey years of 1972 and 1982. Over the map y e a r s  

o f  1888, 1934, 1960 and 1972, t h e  sho re l i ne  envelope t h e r e  was about 60 f t. 

The seawall a t  the generat ing s t a t i o n  caused the sho re l i ne  t o  advance and by 

1982 the  map sho re l i ne  was 150 f t  seaward t o  the  n o r t h  and 60 f t  seaward t o  

the  south of the  e a r l i e r  shorel  ines .  Th is  suggests the  e a r l i e r  shore l  i n e s  
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Figure 5. Comparison of net  MHW shore l ine pos i t i ons  i n  the S i l v e r  Strand 
L i t t o r a l  Ce l l  us ing NOS shorel ine maps and Corps o f  Engineers 
p r o f i l e  (shore-normal ) data f o r  the per iod of 1937-1956; v e r t i c a l  
ax is  references shorel ine m i l e  nor th  o f  US-Mexico border. 



a c t u a l l y  moved w i t h i n  a  6 0 - f t  wide envelope, and t h a t  t h e  envelop was o n l y  

exceeded when t h e  seawal l  pe r t u rbed  t h e  1  oca l  beach. 

f. Evidence f r om P o i n t  Loma. The P o i n t  Lorna reach ( M i l e s  16-22) i s  

backed by a s e a c l i f f  w i t h o u t  a  cont inuous f r i n g i n g  beach. Kennedy (1975)  

es t imated  t h e  s e a c l i f f  r e t r e a t  r a t e  a long  t h i s  reach was 0.5 i n / y r .  Assuming 

t he  base (and  MHW l i n e )  of these s e a c l i f f s  r e t r e a t e d  a t  t h e  measured s e a c l i f f  

r e t r e a t  r a t e ,  t h e  average r e t r e a t  i n  t h e  49 years  (1933-1982) f o r  which NOS 

s h o r e l i n e  d a t a  a r e  a v a i l a b l e  would be about 2 ft. Th i s  i s  much l e s s  than  t h e  

n e t  s h o r e l i n e  r e t r e a t  t h a t  cou ld  be ob ta ined  u s i n g  t h e  NOS s h o r e l i n e  change 

maps. The measured average r e t r e a t  i n  t h i s  reach, based on NOS map data 

between 1933 and 1982, was l e s s  than 20 f t  o r  (0.4 f t l y r ) .  

3. Sun~rnary. The p r a c t i c a l ,  o r  u s e f u l ,  range of  u n c e r t a i n t y  i n  app l y i ng  t h e  

shore l  i n e  map da ta  t o  e s t a b l i s h  n e t  sho re l  i n e  changes appears t o  be about h a l f  

t h e  maximum p o s s i b l e  u n c e r t a i n t y .  As shown i n  Table 3 t h e  average d i f f e r e n c e  

between s h o r e l i n e  changes ob ta ined  e m p i r i c a l l y  u s i n g  NOS maps and s h o r e l i n e  

changes ob ta ined  i n  o t h e r  ways averages l e s s  than  60 ft. The maximum 

d i f f e r e n c e  a t  any l o c a t i o n  was 115 ft. F o r  p r a c t i c a l  a p p l i c a t i o n  an 

u n c e r t a i n t y  range o f  60 f t  appears reasonable.  T h i s  range can and should be 

eva lua ted  when p h y s i c a l l y - r e a l i s t i c  a longshore o r  temporal  t r ends  i n  s h o r e l i n e  

change a r e  d i s c e r n i b l e ,  o r  when a  s e t  of  more than  two s h o r e l i n e s  a r e  

a v a i l a b l e .  



TABLE 3. Comparison o f  NOS Map S h o r e l i n e  Changes w i t h  Other  Data 

P e r i o d  o f  
Loca t i on  Record 

Newport 1959-1982 
L i t t o r a l  
Cell 

San Clemente 1972-1982 
Subreach 

S i  1 vet- S t r and  1937-1956 
L i t t o r a l  
C e l l  

Oceans i de 1886- 1982 
Area 

San Onofre 1888- 1982 

P o i n t  Lorna 1933-1982 

Data Used Sho re l i ne  Change D i f f e r e n c e s  
i n  Maximum, Average, 

Comparison f e e t  f e e t  

a e r i a l  photo-  115 
graphs 

a e r i a l  photo-  50 
graphs 

Corps of 
Engineers 
surveys 

h i s t o r i c  accounts ,  60 
e v o l u t i o n  of 
f i l l e t  a t  ha rbo r  

change i n  60 
shore1 i ne be- 
h a v i o r  a f t e r  
nuc l  ea r  gen- 
e r a t i n g  s t a t i o n  
was c o n s t r u c t e d  

measured seac l  i f f  2 0 
r e t r e a t  where a 
beach i s  absent  



111. INTERPRETATION OF SHORELINE DATA 

Shore l ine  change data are  presented i n  t h i s  sect ion.  Q u a l i t a t i v e  and i n  some 

instances semi -quant i ta t i ve  i n t e r p r e t a t i o n s  o f  sho re l i ne  behavior  a re  g i ven  

f o r  reaches where changes i n  sho re l i ne  p o s i t i o n  exceed the  p r a c t i c a l  

u n c e r t a i n t y  o f  60 ft. This i n t e r p r e t i v e  sec t i on  descr ibe h i s t o r i c  shore1 i n e  

changes a long t h e  study reach s t a r t i n g  i n  the  south a t  the  U.S.-Mexico border .  

1. U.S. P a r t  o f  S i l v e r  Strand L i t t o r a l  Ce l l .  The U.S. p o r t i o n  o f  the  16.4-mi 

long S i l v e r  Strand L i t t o r a l  C e l l  l i e s  between M i l e  0.0 and M i l e  13.6 (F ig .  6) .  

It inc ludes  t h e  shore l ines  o f  t h e  Nor th  I s l a n d  Naval A i r  S t a t i o n ,  Coronado, 

t he  S i l v e r  Strand, t he  Naval Radio S t a t i o n  and Imper ia l  Beach. The Mexico 

p o r t i o n  o f  t he  c e l l ,  n o t  discussed here, extends 2.8 m i  south o f  the b o r d e r  

and inc ludes  a l l  o f  Playas De T i juana.  A na tu ra l  headland t h a t  appears t o  be 

a  near-complete l i t t o r a l  b a r r i e r  forms the  southern boundary o f  the  c e l l  i n  

Mexico. The n o r t h  end o f  the  c e l l  i s  Zuniga J e t t y  loca ted  a t  t he  eas t  s i d e  o f  

t he  entrance o f  San Diego Bay. A sediment budget ana lys i s  o f  t h e  c e l l  t h a t  

inc ludes  the  reach i n  Mexico i s  a v a i l a b l e  i n  Mo f fa t t  and Nichol  , Engineers 

(1987). 

The p lan  shape o f  the  S i l v e r  Strand sho re l i ne  and o r i e n t a t i o n  a re  dominated by 

Po in t  Loma. Deepwater waves approaching f rom the  n o r t h  t o  northwest and t o  

some ex ten t  the  west quadrants a r e  blocked, re f rac ted  and d i f f r a c t e d  by P o i n t  

Loma. The i r  approach d i r e c t i o n  a t  the  t ime  of breaking c o n t r o l s  t h e  longshore  

t r a n s p o r t  o f  sediment such t h a t  t h e  hooked planform shown i n  F igure  6 r e s u l t s .  

A bathymetr ic  h igh  centered on M i l e  2, t h e  d e l t a  o f  the  Ti juana River ,  

produces a smal ler ,  secondary hooked-shape t o  the  south. 
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E l e v a t i o n s  a r e  l e s s  than  20 f t  (MHW) i n  t h e  U.S. p a r t  o f  t h e  c e l l  except a t  

t h e  southern end where a  s e a c l i f f ,  10 t o  3 0 - f t  h igh ,  extends t o  about 0.2 m i  

n o r t h  o f  t h e  border .  The s e a c l i f f  t e rm ina tes  a t  t h e  f l o o d p l a i n  of  t h e  T i j u a n a  

R i ve r .  T i j u a n a  Lagoon, a  t i d a l  s a l t  marsh, occupies t h a t  f l o o d p l a i n .  The 

T i  juana R i v e r  i s t h e  o n l y  consequent i  a1 r i v e r - s o u r c e  o f  sand t o  t he  c e l l  , 

a l t hough  severa l  r a v i n e s  e n t e r  a t  Playas de T i juana .  I m p e r i a l  Beach i s  s i t u -  

a ted  as a low t e r r a c e  n o r t h  o f  t h e  T i j uana  R i v e r  f l o o d p l a i n  and south o f  San 

Diego Bay. The S i l v e r  St rand i s  a narrow b a r r i e r  s p i t  t h a t  separates San 

Diego Bay f rom t h e  ocean. I t  forms t h e  c e n t r a l  p o r t i o n  o f  t he  c e l l  and c o n -  

nec t s  Coronado I s l a n d  t o  Impe r i a l  Beach. Coronado I s l a n d  averages 10 t o  20 f t  

i n  e l e v a t i o n  (MHW). 

Shore p r o t e c t i o n  and s t a b i  1  i z a  t i o n  s t r u c t u r e s  a t  I m p e r i a l  Beach and Coronado 

a r e  l i s t e d  i n  t he  o r d e r  they  were cons t ruc ted  i n  Tab le  4. In 1888, t h e  H o t e l  

Del Coronado was t h e  f i r s t  ma jo r  b u i l d i n g  cons t ruc ted  on Coronado I s l and .  

Zuniga J e t t y ,  t h e  f i r s t  coas ta l  s t r u c t u r e  t o  have an impact  on shore b e h a v i o r  

was begun i n  1893. The conlp le t ion o f  t he  l a s t  ex tens ion  o f  Zuniga J e t t y  i n  

1904 somewhat enhanced t h e  wave shadow c a s t  by P o i n t  Lorna. 

Beach rep len ishment  p r o j e c t s ,  a l s o  i n  c h r o n o l o g i c a l  o rder ,  a r e  l i s t e d  i n  

Table 5. Reach rep len ishment  has had a ma jo r  impact on s h o r e l i n e  b e h a v i o r  

s i nce  t h e  e a r l y  1940's.  A t o t a l  o f  ove r  34 x 106 yd3 o f  b e a c h f i l l  has been  

placed. About 26 x  106yd3 was dredged f rom San Diego Bay and pumped t o  t h e  

coas t  south of Coronado i n  1946. I t  i s  t h e  l a r g e s t  volume o f  b e a c h f i l l  e v e r  

p laced  on a  beach a t  a s i n g l e  t ime i n  t h e  U.S. 

Water r e t e n t i o n  and f l o o d  p reven t i on  s t r u c t u r e s  on t h e  T i j uana  R i v e r  and i t s  

t r i b u t a r i e s  (Table 6 )  have had a  ma jo r  impact on t h e  volume of sediment 



TABLE 4. Chronology o f  J e t t y  and G r o i n  
C o n s t r u c t i o n - S i l v e r  S t rand  L i t t o r a l  C e l l  

YEAR 
STRUCTURE LOCAT I O N  DIMENSIONS CONSTRUCTED 

Zuniga J e t t y  F1 13.61 7500 - f t  l o n g  1904 
(began 1893) 

Curved g r o i n ,  M 10.0 1400- f t  1 ong 1897 
Hote l  de l  (extended i n  
Coronado 1900) 

Coronado Seawall M 11-12 5 2 0 0 - f t  l o n g  1906-1907 
( r o c k )  

Revetment, M 3.0 1 0 0 0 - f t  l o n g  1957 
imper i  a1 Beach 

N o r t h  g ro i n ,  M 3.8 6 0 0 - f t  l ong ,  1959 
Impe r i a l  Beach extended t o  

7 2 0 - f t  l o n g  1963 

South g r o i n  M 3.5 4 0 0 - f t  l o n g  1961 
I m p e r i a l  Beach 

P ie r ,  Impe r i a l  M 4.5 
Beach 

S tee l  sheet  p i l e  M 4.5 6 0 0 - f t  l o n g  ? 
bu l  khead , Nava 1 
Radio S t a t i o n  

PURPOSE 

en t rance  s t a b i l i -  
z a t i o n  f o r  nav iga-  
t i on purposes 

c r e a t e  a  smal l  
c r a f t  ha rbor  

shore p r o t e c t i o n  

shore p r o t e c t i o n  

shore s t a b i l i z a -  
t i  on 

shore s t a b i l  i z a -  
t i  on 

rec rea  t i on 

shore p r o t e c t i o n  

1~ = m i l e  n o r t h  o f  U. S. -Mexico border  



a v a i l a b l e  i n  t h e  lower  reaches o f  the  r i v e r  and i n  t he  capac i t y  o f  the  l o w e r  

r i v e r  t o  move sediment du r i ng  f loods .  Combined, these s t r u c t u r e s  c o n t r o l  1225 

mi2 o r  70 pe rcen t  o f  t h e  watershed. 

TABLE 5. Chronology o f  Beach Replenishment P ro jec t s  - S i l v e r  

Strand L i t t o r a l  Cel l1 

FILL 
YEAR 

PLACEMENT 
FILL LOCAT I O N  

VOLUME, SHORELINE 
CUBIC YARDS X l o 3  MILE REFERENCE 

2,260 12.6-13.6 Corps of Engineers 

26,200 8.8-10.8 Shaw ( 1980) 

40 10 Shaw (1980) 

3,500 8.8-10.8 Shaw ( 1980) 

1,100 2.5-3.5 Shaw ( 1980) 

1,100 9.5-10.2 Spencer (pers.  comm, 1986) 

6 3 
' ~ o t a l  b e a c h f i l l  volume placed through 1985 i s  34.2 x 10 y d  

TABLE 6. Chronology o f  Dam Const ruc t ion  on Ti juana R iver  

DAM - YEAR COMPLETED AREA UPSTREAM OF DAM,  MI^ 

Morena (U.S.) March 1910 114 

B a r r e t t  (U.S. ) January 1921 2 50 

Rodriguez (Mexico) September 1936 1016 

The f i r s t  shore1 i n e  survey was made i n  1851 and 1852. Since then the re  have 

been seven o t h e r  sho re l i ne  surveys a t  var ious  l o c a t i o n s  i n  the  S i l v e r  S t rand  

C e l l .  Surveys of  t he  conlplete U.S. p o r t i o n  of  t h e  c e l l  were made i n  1851, 

1933, 1960, 1972 and 1982. Cuniulative changes i n  sho re l i ne  p o s i t i o n  a re  shown 



i n  F i g u r e  6 based on a l l  surveys. They a r e  shown i n  F i gu re  5 f o r  s e l e c t e d  

surveys a f t e r  1933. Sho re l i ne  p o s i t i o n  changes n o r t h  o f  M i l e  4 show t h e  ma jo r  

e f f e c t s  o f  t h e  beach rep len ishment  programs i n  t h e  1940's.  F i g u r e  7 and 

Tab le  7 i l l u s t r a t e  s h o r e l i n e  change r a t e s  between d i f f e r e n t  survey p e r i o d s  

a l ong  t h e  U.S. p o r t i o n  o f  t h e  l i t t o r a l  c e l l .  

Sho re l i ne  behav io r  shown on F igures  5, 6 and 7 suggest:  

(1) Sand t r a n s p o r t  i n  t h e  p e r i o d s  1933 t o  1960 and 1972-1982 was i n  

a n e t  no r thward  d i r e c t i o n .  The sou th  end of t h e  c e l l  l o s t  sand. T h i s  

occu r red  even though t h e r e  m igh t  have been an a d d i t i o n  o f  sand f r om t h e  

T i  juana R i v e r  source. 

( 2 )  A t  a l l  t imes  t h e  s h o r e l i n e  prograded a t  Zuniga J e t t y  ( a b o u t  

M i l e  11.5 t o  M i l e  13.6) except  between 1972 and 1982 when t h e  s h o r e l i n e  t h e r e  

was s tab le .  Th i s  suggests a longshore t r a n s p o r t  i n  t h i s  n o r t h e r n  r each  i s  

always i n  a  n e t  n o r t h  d i r e c t i o n .  Net  s h o r e l i n e  advance i n  t h e  n o r t h  was 

o c c u r r i n g  b e f o r e  t h e  j e t t y  was cons t ruc ted .  

( 3 )  From 1960 t o  1972, t h e  s h o r e l i n e  a t  t h e  sou th  end of t h e  c e l l  

advanced sugges t ing  t h e  n e t  d i r e c t i o n  o f  t r a n s p o r t  i n  t h e  l owe r  m i d - c e l l  t o  

t h e  U.S.-Mexico bo rde r  was t o  t he  south.  

( 4 )  S h o r e l i n e  changes between 1851 and 1933 were such t h a t  t h e  

s h o r e l i n e  a t  t h e  south and n o r t h  ends o f  t h e  c e l ;  advanced w h i l e  t h e  s h o r e l i n e  

i n  t h e  m idd le  o f  t h e  c e l l  r e t r e a t e d  s l i g h t l y .  The T i j u a n a  R i v e r  was t h e  ma jo r  

source o f  sand i n  t h i s  pe r i od .  No r t h  o f  t h e  r i v e r  o u t l e t ,  n e t  t r a n s p o r t  was 

l i k e l y  t o  t h e  n o r t h .  The sediment volume made a v a i l a b l e  as a  r e s u l t  o f  r i v e r  
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a r t i f i c i a l  c r e a t i o n  o f  new beach between M i l e  8.8 and 10.8 i n  t h e  
1940 's .  
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d ischarge  was p robab l y  balanced i n  t h e  l o n g  term by t h e  c a p a c i t y  o f  t h e  waves 

t o  c a r r y  t h e  sand away f rom t h e  d e l t a .  

( 5 )  Before c o n s t r u c t i o n  o f  Zuniga J e t t y ,  Zuniga Shoal extended a t  

l e a s t  a m i l e  o f f s h o r e  and was r e p o r t e d l y  exposed a t  l o w  t i d e  (Leeds, 1938, 

p. 3 ) .  D u r i n g  and a f t e r  t h e  j e t t y  was cons t ruc ted  across t h e  shoal ,  t h e  

shoreface p r o f i l e  eas t  o f  t h e  j e t t y  steepened. From 1893 t o  1898 t h e  

s h o r e l i n e  f r o m  M i l e  13.0 t o  M i l e  13.6 advanced over  200 ft. Du r i ng  t h e  

remainder o f  t h e  c o n s t r u c t i o n  p e r i o d  ( u n t i l  1904) and t hen  u n t i l  1916, i t  

advanced an a d d i t i o n a l  370 ft. The advance d e c l i n e d  g r e a t l y  a f t e r  1916. I n  

1900, e r o s i o n  exacerbated by  t h e  j e t t y  had extended downcoast t o  M i l e  12.0. 

Severe s t o r m  damage occur red  a t  M i l e  11.0 (Ho te l  Del Coronado) i n  1905. 

Maximum e r o s i o n  f o l l o w i n g  j e t t y  c o n s t r u c t i o n  was near  M i l e  11.5. 

( 6 )  The 1941-1946 beach rep1 enishment program produced a ma jo r  

advance o f  t h e  s h o r e l i n e  between M i l e s  4.5 and 13.6 as evidenced i n  t h e  d a t a  

f o r  t h e  1933-1960 survey p e r i o d  ( F i g .  5 ) .  

( 7 )  A l a r g e  n e t  advance o f  t h e  s h o r e l i n e  between 1941 and 1976 a t  

t h e  n o r t h  end o f  t h e  c e l l  ( M i l e s  9 t o  13)  was t he  r e s u l t  o f  l a r g e  q u a n t i t i e s  

o f  b e a c h f i l l  p l aced  between M i l e s  8.8 and 10.8. 

(8)  Fo l  l ow ing  the b e a c h f i l l  ad jus tment  p e r i o d  of 1946-1960 (14 

yea rs  o r  l e s s )  s h o r e l i n e  behav io r  i n  those  reaches where t h e  s h o r e l i n e  had  

p r e v i o u s l y  been s t a b l e  o r  r ecess iona l  r e t u r n e d  t o  t h e  pre-1933 s t a b l e  o r  

r ecess iona l  c o n d i t i o n s  (M i l es  4.5 t o  10.5). Those reaches t h a t  had 

exper ienced s h o r e l i n e  advance be fo re  1933 con t i nued  t o  advance a t  near  t h e  

same r a t e  ( M i l e s  10.5 t o  13.6). The p o s t - b e a c h f i l l  r a t e s  con t inued  even  



though the  sho re l i ne  i n  1960 was 300 t o  almost 700 f t  seaward o f  t he  1933 

shore1 ine.  

2. Miss ion Bay L i t t o r a l  Ce l l .  This  13.7-mi l ong  c e l l  (F ig .  8 )  l i e s  no r th  o f  

the entrance t o  San Diego Bay ( M i l e  15.8) and south o f  Po in t  La J o l l a  ( M i l e  

29.5). The on l y  man-made s t ruc tu res  t h a t  impede the longshore rnovenient o f  

sand i n  the  c e l l  are j e t t i e s  a t  the  entrance o f  Miss ion Bay, a  f lood c o n t r o l  

j e t t y  a t  the  o u t l e t  o f  the San Diego R ive r  and a g r o i n  a t  Ocean Beach. I n  

1950, t he  3300- f t  long n o r t h  j e t t y  a t  t h e  entrance t o  Miss ion Bay was 

completed. A t  t he  same t ime the south entrance j e t t y  (middle j e t t y )  was 

constructed t o  a  3800-f t  length .  I n  1970 i t  was extended t o  4280 ft. The 

middle j e t t y  a l s o  serves as the  no r th  f l ood -con t ro l  j e t t y  o f  the  San Diego 

River.  I n  1950, the south f l ood -con t ro l  j e t t y  a t  the r i v e r  o u t l e t  was 

constructed t o  a l eng th  o f  1500 f t  and i n  1970 i t  was extended t o  2070 ft. I n  

recent  years sand from Ocean Beach has moved n o r t h  and around the  south j e t t y  

and formed a  b a r r i e r  beach i n  the o u t l e t  o f  the  San Diego R iver .  This  b a r r i e r  

sometimes extends completely across the  r i v e r  entrance. A t  o the r  t imes t i d a l  

and r i v e r  f l ow  mainta ins a small opening south o f  and aga ins t  t he  middle 

j e t t y .  I n  1955 a 500- f t  long g r o i n  was cons t ruc ted  a t  Ocean Beach t o  slow the 

northward t r a n s p o r t  o f  beach sand. A sediment budget ana lys i s  o f  t h e  sandy 

cen t ra l  p a r t  o f  t he  c e l l  i s  a v a i l a b l e  i n  Ever ts  e t  a1 (1987, d r a f t ) .  

Since 1948 beach replenishment has added about 1.6 x  106 yd3 o f  ma te r i a l  t o  

t he  l i t t o r a l  c e l l .  Table 8 shows the  volume and l o c a t i o n  o f  the  seven 

replenishn~ent  p ro jec ts .  A f t e r  1950, t h e  source o f  beachf i  11 was the  channel 

between the  Middle and North J e t t i e s .  An average 2 . 9 ~ 1 0 ~  yd3/yr were p laced 

i n  t h e  Miss ion Beach and Ocean Beach Subcel ls  between 1951 and 1987. A f t e r  

1951, a  t o t a l  o f  3 .7~105 yd3 were placed on Ocean Beach and 9 .6~105  yd3 were 
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placed on M iss ion  Beach. According t o  survey and dredging records (Castens, 

pers. comm, 1987, Corps of Engineers, Los Angeles D i s t r i c t )  channel shoal i ng 

was g rea tes t  oppos i te  the j u n c t i o n  of the  ocean sho re l i ne  and the  no r th  and 

middle j e t t i e s .  The shoal area i n  the  channel extended t o  the  end o f  t h e  

Middle J e t t y  and the  same dis tance landward. On the  Miss ion  Beach s ide  o f  the  

channel the  shoal area extended about 1000-f t  seaward and landward o f  t h e  

nearby l o c a t i o n  where the  shore l ine  meets the  j e t t y .  Approximately t w o - t h i r d s  

o f  the  shoa l ing  occurred against  the  Middle J e t t y  and one - th i rd  aga ins t  t h e  

Nor th  Je t ty .  The shoa l ing  r a t e  i n  t h e  1960-1984 pe r iod  was nea r l y  cons tan t  a t  

2 .1~104 yd3/y r. 

Po in t  Loma and Po in t  La J o l l a  are a t  major changes i n  sho re l i ne  o r i e n t a t i o n .  

Both p o i n t s  and the  i n te rv iew ing  c e l l  a r e  o f f s e t  seaward t o  the  west o f  t h e  

reg iona l  t r e n d  of t he  c o a s t l i n e  and of adjacent  l i t t o r a l  c e l l s  by one t o  3 

m i les  as shown i n  F igu re  1. The average o r i e n t a t i o n  o f  t h e  sho re l i ne  i n  t h e  

1  i t t o r a l  c e l l  i s  355 degrees, o r  more nea r l y  nor th -south  than the  shore1 i n e  o f  

e i t h e r  t he  Oceanside L i t t o r a l  Ce l l  t o  t he  n o r t h  o r  t he  S i l v e r  Strand L i t t o r a l  

C e l l  t o  the  south. 

I n  a d d i t i o n  t o  Po in t  Lorna and Po in t  La J o l l a ,  n a t u r a l  and a r t i f i c i a l  headlands 

a l so  r e s t r i c t  the  alongshore movement of l i t t o r a l  sediment w i t h i n  the  M i s s i o n  

Bay Ce l l .  These headlands, the Narraganset t  Avenue headland, t h e  combined 

entrance j e t t i e s  a t  Miss ion Bay and the  o u t l e t  o f  t h e  San Diego River ,  and 

False Po in t  ( F i g .  a ) ,  separate sandy beach areas f rom each o the r  and f rom 

predominant ly s e a c l i f f  shore l ines.  For ana lys i s  purposes they conven ien t l y  

separate the l i t t o r a l  c e l l  i n t o  four subce l ls .  From south t o  no r th  they are :  



a. P o i n t  Lorna Subreach ( M i l e  15.8 t o  21.7). T h i s  reach i s  backed by 

steep s e a c l i f f s .  Beaches a r e  smal l  and i n t e r m i t t e n t .  Sand appa ren t l y  comes 

from t h e  nor th ,  passes a long  t h i s  subreach, and i s  accumulat ing o f f  P o i n t  Loma 

a t  a  r a t e  of 5 t o  8 x lo3  yd3/yr ( M o f f a t t  & N i cho l ,  Engineers, 1987) .  A l l  

beaches a r e  con ta ined  between headlands of r e s i s t a n t  rock. Many c o n t a i n  

q u a n t i t i e s  o f  g rave l  and cobbles, Sho re l i ne  changes have been smal l  and a l l  

n e t  changes i n  s h o r e l i n e  p o s i t i o n  have been w i t h i n  t h e  p r a c t i c a l  e r r o r  bounds 

o f  t h e  maps. S e a c l i f f  r e t r e a t  problems, however, e x i s t .  Wave scour  a t  t h e  

base o f  t h e  s e a c l i f f s  and subae r i a l  e r o s i o n  and rock  f a i l u r e s  above t h e  zone 

o f  wave a c t i v i t y  a r e  respons ib l e  f o r  t h e  r e t r e a t .  I n t e n s i v e  development a t  

t h e  t o p  o f  t h e  s e a c l i f f s  has exacerbated t h e  s e a c l i f f  r e t r e a t  problems. C l i f f  

l i n e  r e t r e a t  between 1926 and 1961 has been r e p o r t e d  (USACE LAD, 1970)  a t  1 t o  

3 f t / y r  a t  some p laces  a long t h e  Sunset C l i f f s  p o r t i o n  o f  t h i s  reach. 

b. Ocean Beach Subreach ( M i l e  21.7 t o  22 .4) .  T h i s  3500 - f t  l o n g  reach i s  

p r e s e n t l y  con ta ined  between a  n a t u r a l  headland and t h e  sou th  en t rance  j e t t y  a t  

M i ss i on  Bay. Be fo re  1950 t he  n a t u r a l  en t rance  o f  M i ss i on  Bay formed t h e  n o r t h  

boundary o f  Ocean Beach. I n  1950 t he  m idd le  j e t t y  ( sou th  en t rance  j e t t y  a t  

M i ss i on  Bay) became t h e  n o r t h  subreach boundary. The j e t t y  p reven ts  sand a t  

Ocean Beach f rom moving f u r t h e r  no r t h .  Sand i s  d e l i v e r e d  t o  Ocean Beach by 

t he  San Diego R i ve r ,  b u t  t h e  volume has been g r e a t l y  reduced i n  r e c e n t  years  

because o f  j e t t y  c o n s t r u c t i o n  and reduced sand d ischarge  i n  t h e  r i v e r .  S ince  

1950, a r t i f i c i a l  beach rep len ishment  has i n f l u e n c e d  beach behav io r  i n  t h i s  

sub-reach. 

The, 1933 map shore1 i n e  of  t h e  south one-ha l f  o f  Ocean Beach was, on average, 

about 60 f t  seaward of i t s  1960 p o s i t i o n  and about  160 f t  seaward o f  i t s  1972 

and 1980 p o s i t i o n s .  Frautschy and Inman (1954; i n  USACE LAD,  1986) no te  the 



wave shadow created by the j e t t y  mod i f i ed  t h e  longshore sediment t r a n s p o r t  

r a t e  a t  Ocean Beach, producing a c c r e t i o n  a t  t he  j e t t y  and eros ion  a t  t h e  south 

end o f  t h e  reach i .e. ,  the j e t t y  t empora r i l y  changed the  n e t  longshore 

t r a n s p o r t  pa t te rn .  Sand moved n o r t h  u n t i l  a  new p lan  e q u i l i b r i u m  s h o r e l i n e  

shape was created. The g r o i n  was cons t ruc ted  i n  1955 t o  reduce t h i s  no r thward  

t ranspor t .  Between 1960 and 1972 the  sho re l i ne  r e t r e a t e d  an average 100 f t  a t  

Ocean Beach. 

The n e t  sand volume l o s s  a t  Ocean Beach between 1960 and 1972 was perhaps 

3  3 400,000 yd39 o r  35,000 y d  /yr (10 y d  / f t -yr ,  obta ined us ing  hs = 32 ft, 1 = 

3500 f t  and A S  = 100 ft, i n  Equation 1) .  Considering the  p lan  area change 

t h a t  occurred between 1972 and 1982, e s p e c i a l l y  near the  j e t t y ,  the  average 

y e a r l y  sand l o s s  i n  t h a t  pe r iod  was s l i g h t l y  smal ler .  A d e c l i n e  i n  t he  volume 

o f  sand reaching the  beach from the  San Diego R iver ,  p l u s  con t i nu ing  l o s s e s  t o  

the  south around t h e  Narragansett  Avenue headland, thence a long the c o a s t  o f  

the Po in t  Lorna sub-reach, p l u s  poss ib le  o f f sho re  losses, appear t o  be t he  

cause o f  t he  n e t  shore l ine  r e t r e a t .  

c. M iss ion  Beach Subreach ( M i l e  22.5 t o  26.11. Miss ion  Beach i n  t h e  

south and P a c i f i c  Beach t o  the  n o r t h  c o n s t i t u t e  the  Miss ion Beach subreach. 

(F ig.  8) .  I t s  g e n t l y  concave sho re l i ne  extends n o r t h  f rom the  n o r t h  M i s s i o n  

Bay Entrance J e t t y  ( M i l e  22.5) t o  a  n a t u r a l  headland (Fa lse  P o i n t )  a t  M i l e  

26.1. Beach behavior  i n  t h i s  reach has been inf luenced by human i n t e r v e n t i o n  

i n  the  form of j e t t y  cons t ruc t i on  and by the  a r t i f i c i a l  placement o f  b e a c h f i l l  

(Table 8) .  

Shorel ine changes i n  the  Miss ion Bay subreach have been p a r t l y  w i t h i n  t h e  

p r a c t i c a l  u n c e r t a i n t y  bounds of  t he  sho re l i ne  data. Change r a t e s  a r e  g i v e n  i n  



Table 9  and shown on F igu re  8 .  The l a r g e s t  changes occur red  near  t h e  en t rance  

t o  M iss ion  Bay. The shore l  i n e  was nea r - s tab le  i n  o t h e r  areas b e f o r e  1972. A 

n e t  s h o r e l i n e  r e t r e a t  i s  i n d i c a t e d  f o r  t he  1972 t o  1982 pe r i od ,  however, t h e  

average 21  ft r e t r e a t  i s  s t i l l  w e l l  w i t h i n  t h e  u n c e r t a i n t y  bound o f  t h e  data.  

O v e r a l l  t he  data r e f l e c t  a  s l i g h t  n e t  shore l  i n e  advance i n  t he  130-year p e r i o d  

compr is ing  t h e  da ta  s e t .  Converted t o  n e t  sediment volume change (Eq .  I ) ,  

t h i s  would be equal t o  a  n e t  g a i n  of  about  5  x 105 yd3. S u b t r a c t i n g  t h e  9 x 

105 yd3 a r t i f i c i a l l y  p laced  on t he  beach before 1982, a  n a t u r a l  n e t  l o s s  of 4 

x 105 yd3 (about  3,000 yd3/yr )  i s  i n d i c a t e d  between 1851 and 1982. 

TABLE 9. Shore1 i n e  Change Rates, M i ss i on  Beach s u b c e l l 1  

SHORELINE SHORELINE SURVEY DATES 

INTERVAL 1852- 1889- 1933- 1960- 1972- 

(Mi l e )  1889 1933 1960 1972 1982 

22.5-23.0 -2.2 t3 .0  +8.9 -3.3 -2.1 

23.0-24.0 -0.8 +0.3 t o .  5  t 3 .6  -6.3 

24.0-25.0 -0.5 +O. 2 t0 .5  t0.8 -1.6 

25.0-26.1 N D ~  +0.7 -0.2 +0.2 -3.3 

average -1.0 +O. 8 +1.5 +0.8 -3.5 

' i n  f e e t  pe r  yea r  averaged by s h o r e l i n e  i n t e r v a l ,  and averaged between survey 

dates 

'NO da ta  

d. La J o l l a  Subreach ( M i l e  26.1 t o  29.5). The La J o l l a  sub-reach i s  

backed by s e a c l i f f s .  I t  con ta ins  a number o f  popu la r  pocket  beaches, i .e. ,  



Windansea Beach, Marine S t r e e t  Beach, Casa Beach and Boomer Beach, t o  ment ion 

a  few. Changes i n  sho re l i ne  p o s i t i o n  on these beaches has been w i t h i n  t h e  

p r a c t i c a l  u n c e r t a i n t y  range of t he  maps. Inman (1953) notes the  sand on t h e  

La J o l l a  beaches i s  o f  l o c a l  o r i g i n  and sediment t r a n s p o r t  i n t a  and out  o f  

these pockets i s  e s s e n t i a l l y  zero. Headland areas are  n o t  f r o n t e d  by beaches. 

3. Oceanside L i t t o r a l  Ce l l .  This  53.5-mi long reach i s  perhaps the  most 

s tud ied  l i t t o r a l  c e l l  i n  the  Un i ted  States. Net longshore sediment t r a n s p o r t  

i s  genera l l y  thought t o  be from n o r t h  t o  south. Dana Po in t ,  the n o r t h  end o f  

t h e  c e l l  a t  M i l e  83.0 (F ig.  I ) ,  i s  a  near-complete b a r r i e r  t o  the  longshore 

t r a n s p o r t  o f  sand. Po in t  La J o l l a  a t  M i l e  29.5, t h e  south end, i s  a l s o  a 

near-complete 1  i t t o r a l  b a r r i e r .  L i t t l e ,  if any, sand reaches Po in t  La Jol l a ,  

however, because i t  i s  de f l ec ted  i n t o  the  heads o f  t h e  Scripps and La J o l l a  

Submarine Canyons ( reach from M i l e  30 t o  32) .  

This  d iscussion of shore l ine  changes i n  Oceanside L i t t o r a l  C e l l  addresses 

subreaches w i t h i n  the  c e l l  beginning f rom i t s  south end. Subreach boundaries 

have been se lec ted  based on geomorphic and c u l t u r a l  features such as r i v e r  o r  

lagoon entrances, minor  headlands, adjacent  submarine canyons, seacl i f f s  and 

harbor s t ruc tures .  H i s t o r i c  cond i t i ons  a t  lagoon out1 e t s  a re  discussed 1  as t .  

H i s t o r i c  sho re l i ne  changes i n  the  Oceanside L i t t o r a l  C e l l  more o f t e n  than  n o t  

were w i t h i n  the  p r a c t i c a l  u n c e r t a i n t y  l i m i t s  of the  surveyed shorel ines.  The 

Oceanside Subreach, centered on the  Santa Margar i ta  and San L u i s  Rey R i v e r s  

and Oceanside Harbor i s  a  notable except ion. Very l a r g e  sho re l i ne  advances 

and r e t r e a t s  occurred a t  Oceanside i n  h i s t o r i c  t ime. 



a.  La  J c l l a  - To r rey  Pines Subreach ( M i l e  29.5 - 35 .5) .  Changes i n  t h e  

map s h o r e l i n e  i n  t h i s  subreach a re  to solue e x t e n t  r e l a t e d  t o  t h e  behdv io r  of 

t h e  s e a c l i f f s .  The presence of  submarine canyons have p l ayed  a r o l ~  i n  t he  

e v o l u t i o n  o f  t h e  s h o r e l i n e .  F i gu re  9 i s  a l o c a t i o n  ske tch  o f  t h e  southern 

o n e - t h i r d  o f  t h e  Oceanside L i t t o r a l  C e l l  t h d t  shows the  La  J o l l a - T o r r e y  P ines 

Subreach and i t s  s h o r e l i n e  behav io r  f rom 1888 t o  1982. A l l  t h e  change r a t e s  

I r e  w i t h i n  t h e  p rac t i cL l !  u n c e r t a i n t y  1 i m i  t s  o f  t h e  data.  I n  t h e  94-yr  p e r i o d  

o f  r eco rd ,  however, t h e  map s h o r e l i n e  t r e n d  was an advance dverag ing  0.7 

f t / y r ,  Much o f  t h e  map s h o r e l i n e  advance occu r red  between 1888 a ~ ~ d  1933. 

Sho re l i ne  change r d t e s  p r i o r  t o  1972 were q u i t e  c o n s i s t e n t ,  e s p e c i a l l y  f rom 

M i l e  3 1  t o  M i l e  35,  sugges t ing  t he  movements were r e a l  even though t hey  were 

w i t h i n  t he  u n c e r t a i n t y  range. Map s h o r e l i n e  changes i n  t h e  1972-1982 p e r i o d  

v a r i e d  g r e a t l y  f r om  t h e  e a r l i e r  n e t  ddvance. 

(1) S e a c l i f f s  Sub jec t  t o  Lands l i des  ( iv l i le 31.5-34). The s h o r e l i n e  

a t  t h i s  l o c a t i o n  advanced an average 2 f t l y r -  between 1888 and 1972 (Tab le  10, 

F i g u r e  9). Most o f  t h e  advance t h a t  occur red  between 1888 and 1933 appears t o  

have been t h e  r e s u l t  o f  s e a c l i f f  s lumping. The c r e s t  of t h e  s e a c l i f f  

r e t r e a t e d  and t he  t oe  advanced a long  much o f  t h i s  p a r t  o f  t h e  subreach. Less 

s i g n i f i c a n t  slurnping may be respons ib l e  f o r  shore1 i ne  advance i n  t h e  p e r i o d s  

1933 t o  1960 and aga in  1960-1972 w i t h  t h e  l a r g e s t  1960-1972 advance i n  t h e  

M i l e  33 t o  M i l e  34 r eg ion .  From 1972 t o  1982 the map s h o r e l i n e  r e t r e a t e d  an 

average 2 t o  3 f t l y r .  

( 2 )  S e a c l i f f s  Not Sub jec t  t o  Major  S lun~p ing  ( M i l e  29.5 t o  30.0; M i l e  

31.0 t o  31.5; M i l e  34.0 t o  35.5). These s e a c l i f f  s h o r e l i n e s  ex tend  s l i g h t l y  

seaward o f  ad j acen t  areas,  p robab ly  because t h e  s e a c l i f f s  a r e  rnore r e s i s t a n t  

t o  wave a t t a c k  and subae r i a l  s l un~p ing  and e ros ion .  A1 1  changes i n  these 
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Figure  9. Shore l ine  change r a t e s  between 1888 and 1982 near La J o l l a  and 
Torrey Pines a t  t he  south end of t h e  Oceanside L i t t o r a l  C e l l .  



reg ions  a re  w i t h i n  t h e  u n c e r t a i n t y  bounds o f  t h e  maps except a one-quar ter  

m i l e  l o n g  reach a t  M i l e  35.0. I t  appears t h e  base o f  t h e  s e a c l i f f  was embayed 

a t  t h i s  l o c a t i o n  i n  1888, b u t  by 1933 a  l a n d s l i d e  caused by t o e  f a i l u r e  had 

removed m a t e r i a l  from t h e  c r e s t  o f  t h e  s e a c l i f f ,  o r  a subaer ia l  slump, had 

deposi ted i t  on t h e  beach, thereby s t r a i g h t e n i n g  the  sho re l i ne  t o  t h a t  which 

e x i s t e d  i n  1982. 

TABLE 10. 

SHOREL I NE 

INTERVAL 

( M i  1 e )  

30-31 

31-32 

32-33 

33 - 34 

34-35 

average 

Shore l ine  Change Rates, La J o l l a  - Torrey Pines Subreach 

Oceanside L i t t o r a l   el 11 

SHORELINE SURVEY DATES 

1888- 1933- 1960- 1972- 

1933 1960 1972 1982 

t0 .7  +0.7 -2.9 +0.4 

+0.7 t0 .2 -0.4 -4.1 

+1.4 t 2 . 1  +1.6 -2.5 

t3 .0  +1.8 t 2 . 1  -3.4 

+0.6 t o .  1 4-0.2 -0.2 

t1.3 +1.O +O. 1 -2.1 

' i n  f e e t  per  yea r  averaged by sho re l i ne  i n t e r v a l ,  and averaged between survey 

dates 

(3) Submarine Canyon ( M i l e  30.0 t o  31.0; M i l e  31.5 t o  32.0). The 

sho re l i ne  i s  embayed (concave-seaward shape) landward o f  t he  heads o f  t h e  two 

submarine canyons. The embayment i s  most apparent onshore t h e  head o f  Scr ipps  

Submarine Canyon ( M i l e  31.5 t o  32.0). The 1 - m i  l ong  sho re l i ne  near  La J o l l a  

Subrnqrine Canyon ( M i l e  30 t o  31) v a r i e d  w i t h i n  the map u n c e r t a i n t y  i n  t he  

pe r i od  1888-1982. Al though t h i s  i n d i c a t e s  a  measure o f  s t a b i l i t y ,  storm- 

caused r e t r e a t  o f  t h e  sho re l i ne  has c rea ted  s e a c l i f f  r e t r e a t  problems near  

M i  1  e 31  (Kuhn and Shepard, 1984). Subsequent post-s torm advance r e t u r n e d  t h e  

sho re l i ne  t o  near i t s  pre-storm l o c a t i o n ,  b u t  t he  r e v e r s i b l e  f l u c t u a t i o n  i n  

sho re l i ne  p o s i t i o n  created a  need f o r  shore p r o t e c t i o n  devices f rom M i l e  30.5 



t o  31.0. When the  beach i s  wide sand moves i n t o  the  heads o f  the canyons; 

when the  beach i s  narrow l i t t o r a l  sand tends t o  pass the  canyon heads and move 

downcoast. 

Landward o f  Scr ipps Submarine Canyon ( M i l e  31.5 - 32.0) t he  shore l ine  advanced 

between 1888 and 1933, probably a s  a  r e s u l t  o f  l ands l i des .  Since 1933 

sho re l i ne  p o s i t i o n  changes there  have been w i t h i n  the  u n c e r t a i n t y  bounds o f  

t he  maps. 

b. Del Mar Subreach ( M i l e  36.3 t o  38.81. This  subreach i s  f l anked  by 

Los Penasquitos Creek on the  south and t h e  San D iegu i to  R ive r  o u t l e t  on t h e  

nor th.  S e a c l i f f s  back the  sho re l i ne  f rom M i l e  36.3 t o  M i l e  37.7. The beach 

i n  f r o n t  o f  the  s e a c l i f f s  i s  narrow and shore l ine  changes s ince 1888 have been 

w i t h i n  the  p r a c t i c a l  u n c e r t a i n t y  1 i m i t s  o f  the  maps (Table 11). From M i l e  

37.7 t o  M i l e  38.8 the  beach i s  t h e  seaward edge of t he  San D iegu i to  R i v e r  

f l oodp la in .  Th is  has been an a c t i v e  area. Between 1888 and 1933 new beach 

was created i n  f i l l e t  form w i t h  a  sho re l i ne  advance o f  almost 200 f t  a t  t h e  

San D iegu i to  R iver  o u t l e t .  The advance dec l ined l i n e a r l y  i n  an a longshore 

d i r e c t i o n  such t h a t  no change occurred 1.1 m i les  t o  the south. 

TABLE 11. Shorel ine Change Rates, Del Mar Subreach 

SHOREL INE SHORELINE SURVEY D A T E S ~  
INTERVAL 1888- 1933- 1960- 1972- 

(Mi 1  e) 1933 1960 1972 1982 

36.3-37.0 +1.5 +O. 1 -0.1 0.0 

37.0-38.0 +0.9 +O. 1 -0.1 +O. 9 

38.0-38.8 +3.8 -1.0 +3.1 0.0 

average +2.0 -0.3 +O. 9 +0.4 

l i n  f e e t  per year  averaged by shore1 i n e  i n t e r v a l .  and averaged between su rvey  

dates 



c. Solana Beach Subreach ( M i l e  38.8-40.6). Except a t  M i l e  39.2, 

s h o r e l i n e  changes between t he  San D i e g u i t o  R i v e r  and San E l i j o  Lagoon were 

w i t h i n  a  range of  80 ft. T h i s  i s  w i t h i n  t h e  maximum u n c e r t a i n t y  bounds o f  t he  

maps f rom 1888 t o  1982. The t r e n d  was s h o r e l i n e  advance from 1888 t o  1933 and 

v a r i a b l e  advance o r  r e t r e a t  t h e r e a f t e r .  Kuhn and Shepard (1984) desc r i be  t he  

M i l e  39.2 l o c a t i o n  i n  some d e t a i l .  I n  1888 t h e  s h o r e l i n e  t h e r e  was a t  t h e  

base o f  t h e  s e a c l i f f .  Subsequent sho re l i nes  a r e  seaward of  t h e  s e a c l i f f  base, 

and some o f  t h e  m a t e r i a l  compr is ing those sho re l i nes  i s  t a l u s .  

d .  C a r d i f f  t o  Leucadia Subreach ( M i l e  41.7-46.7). T h i s  5-mi l o n g  sub- 

reach, which i nc l udes  t h e  C i t y  of E n c i n i t a s ,  i s  backed by s e a c l i f f s  i t s  e n t i r e  

leng th .  Beaches a r e  narrow. Shore l ines  f rom 1888 th rough 1972 a r e  w i t h i n  t h e  

p r a c t i c a l  u n c e r t a i n t y  bounds of  t h e  maps. I n t e r e s t i n g l y ,  t h e  1982 sho re l i ne ,  

except  a t  t h e  nor thernmost  0.5 m i l e s  o f  t h e  subreach, i s  seaward o f  a l l  t h e  

o t h e r  shore l  i nes  by an average 180 f t .  The l o c a t i o n  i s  c u r i o u s  because of i t s  

seaward p o s i t i o n  and near-constant  d isp lacement  t h e  l e n g t h  o f  t h e  subreach. 

The 1982 s h o r e l i n e  was e s t a b l i s h e d  f rom a e r i a l  photographs taken  i n  March when 

t he  beach may have been wide. Kuhn and Shepard (1984) n o t e  e a r l y  1982 was a  

m i l d  wave y e a r  compared t o  preceding abnormal ly  stormy years.  I n  an a n a l y s i s  

of 5 years  of da ta  Thompson (1987) showed t h e  sho re l  i n e  was a lmos t  s t a b l e  a t  

M iss ion  Beach and P a c i f i c  Beach i n  t h e  p e r i o d  l a t e  summer 1981 t o  A p r i l  1982. 

Beach w i d t h  dec l i ned  an average 65 f t  f rom l a t e  summer t o  s p r i n g  i n  each o f  

the  o t h e r  4 years  Thompson considered. S i m i l a r i l y ,  F l i c k  e t  a1 (1986) found 

t h a t  beaches i n  t h e  s p r i n g  o f  1982 were as wide as they were i n  t h e  l a t e  

summer o f  1981. The 1981-1982 w i n t e r  season was ve ry  m i l d  and when t h e  March 

1982 s h o r e l i n e  was e s t a b l i s h e d  i t  was seaward o f  i t s  mean p o s i t i o n  i n  many 

l oca t i ons .  



e. Sou th  Car lsbad Subreach (M47.0 t o  M50.8). The s h o r e l i r ~ e  south o f  

M i l e  50.0 was w i t h i n  t h e  p r a c t i c a l  u n c e r t a i n t y  bounds o f  t h e  maps f rom 1888 t o  

1982. Between M i l e  50.0 and M i l e  50.8,  a t  t h e  sou th  s i d e  o f  Agua Hedionda 

Lagoon ( F i g .  l o ) ,  t h e  shore1 i n e  advanced between 1888 and 1982 an average 1.5 

f t /y r .  The 1982 s h o r e l i n e  i s  f a r  seaward o f  t h e  1972 s h o r e l i n e  suggest iny  t h e  

l a t e s t  s h o r e l i n e  was near  i t s  seaward r e v e r s i b l e  l i m i t ,  r a t h e r  than  a t  a 

seasonal m i d p o i n t .  The 1888 s h o r e l i n e  i s  most landward o f  a1 1 sho re l i nes  

sugges t iny  t h e  e f f e c t s  o f  storms i n  1884-1888 had removed much o f  t h e  beach 

sand p r i o r  t o  t h e  1888 survey. 

f. Car lsbad  Subreach (Flile 51.4-53.0). Changes i n  t h e  MHW s h o r e l i n e  i n  

t h i s  reach were w i t h i n  t h e  p r a c t i c a l  u n c e r t a i n t y  bounds o f  t h e  maps between 

1888 and 1982 excep t  a t  t h e  sou th  end where a f i l l e t  formed a g a i n s t  t h e  n o r t h  

Agua Hedionda j e t t y  a f t e r  i t s  c o n s t r u c t i o n  j n  1954. The 1960, 1972 and 1982 

map s h o r e l i n e s ,  a l l  l o c a t e d  a t  t h e  same p o s i t i o n  a g a i n s t  t h e  j e t t y ,  a r e  200 f t  

seaward o f  t h e  1934 sho re l i ne .  

g. Oceanside Subreach ( M i l e  53.0-62.8). Shore1 i n e  f l u c t u a t i o n s  i n  a 10- 

mi l o n g  reach near  Oceanside were among t h e  l a r g e s t  on t h e  NOS maps of 

sou thern  C a l i f o r n i a .  These f l u c t u a t i o n s  were caused by changes i n  coarse 

sediment s u p p l i e d  by l o c a l  r i v e r s  and an unsteady longshore  sediment t r a n s p o r t  

system. Sediment supp ly  has been and s t i l l  i s  governed by c y c l i c ,  m o s t l y  

n a t u r a l  phenomena; t h e  d i r e c t i o n  and n e t  r a t e  a t  which sediment i s  t r a n s p o r t e d  

a longshore has been permanent ly changed by  s t r u c t u r e s  a t  Oceanside Harbor .  

Sho re l i ne  behav io r  be fo re  t h e  harbor  j e t t i e s  were cons t ruc ted  i n  1942 was s i g -  

n i f i c a n t l y  d i f f e r e n t  from subsequent behav io r .  I t  i s  t h e r e f o r e  u s e f u l  t o  use 

1942 a s  a  t ime  boundary. Table  12 i s  d chror lo logy o f  even ts  a t  Oceanside t h a t  

a r e  o f  i n t e r e s t  when a t t e m p t i n g  t o  unders tand  t h e  causes o f  s h o r e l i n e  change. 



Figure 10. Location map, cen t r a l  po r t ion  o f  Oceanside L i t t o r a l  Cell. 



Tab le  12. Chronology o f  Coast-Related Events a t  Oceanside, 
1825 t o  1983 

Ma jo r  f l o o d i n g  i n  southern Cal i f o r n i a  

Ma jo r  f l o o d i n g  i n  southern Cal i f o r n i a  (perhaps 1 a r g e s t  i n  
h i s t o r i c  t i m e )  

Dry pe r i od ,  except  1861-62 f l o o d s  

Ma jo r  f l o o d i n g  i n  southern Ca1 i f o r n i a  

Beaches were 100 f t  wide near  s i t e  o f  p resen t  p i e r ;  slump 
m a t e r i a l  was 50 f t  seaward o f  seac l  i f f  (Kuhn and Shepard, 1984, 
p h o t o ) l  

U.S. Coast and Geodet ic s h o r e l i n e  survey 

Maximum f l o w  i n  San L u i s  Rey R i ve r ,  95,600 f t 3 / s e c  on 27 
January 

Henshaw Rese rvo i r  cons t ruc ted  on San L u i s  Rey R i v e r  ( H a l e s ,  
1978) 

Beach was narrow ( ~ a l e s ,  1978) 

P i e r  and f r o n t a g e  walk cons t ruc ted  

Maximum f l o w  i n  Santa M a r g a r i t a  R iver ,  33,600 f t 3 / s e c  on 16 
February 

Wide beach (Corps o f  Engineers,  1980) 

U.S. Coast and Geodet ic s h o r e l i n e  survey 

Large f l o o d ,  sand d e l i v e r e d  by San L u i s  Rey R i v e r  ( T r o x e l l  e t  
a l . ,  1942) 

Oceanside beach was wide (Hales, 1978) 

Storms (23 Dec 1940 th rough 7 Jan 1941) erode beaches; s e a c l i f f  
t o e  a t  Wisconsin Avenue i s  c u t  back (Kuhn and Shepard, 1984, 
pho to )  

Del Mar B o a t  Bas in  cons t ruc ted ;  dredged m a t e r i a l  used t o  
i nc rease  grade around b a s i n  (Hales, 1978) 

Eros ion  o f  Oceanside beaches (Hales, 1978) 

Eros ion  reduced as harbor  ent rance f i l l s  i n  (Hales, 1978)  

En rance chan e l  shoaled f ~ o m  a c ross -sec t i ona l  area o f  3800 2 9 f t  t o  700 f t  ; 220,000 yd removed and p laced  as l a n d  f i l l  
(Hales, 1978) 



1945 Erosion of Oceanside beaches fo l l ow ing  entrance dredging 
(Hales, 1978) 

1946 3 220,000 y d  t ranspor ted  by longshore cur ren ts  and deposi ted i n  
entrance channel i n  8 months (Hales, 1978) 

1949 V a i l  Dam const ruc ted  on Santa Margar i ta  R ive r  ( ~ a l e s ,  1978) 

1949 Riprap placed along a 1000- f t  long reach a t  Wisconsin Avenue 

1942-1952 Shore1 i n e  adjacent  t o  harbor entrance advanced as 2.5 x 106 yd3 
(0.8 x 106 yd3 - nor th,  1.7 x 106 yd3 - south)  was deposited; 
Oceanside beaches l o s t  2.7 x 106 yd3 ( M o f f a t t  & N icho l  , 
Engineers , 1968) 

1950-1951 Add i t i ona l  r i p r a p  placed near Wisconsin Avenue 

1952 Two g ro ins  placed a t  Wisconsin Avenue and 1000 f t  south of 
Wisconsin Avenue 

1950 ' s Seawall s and revetments cons t ruc ted  i n  Oceanside (Hales, 1978) 

1950 ' s Groins constructed near Wisconsin Avenue (Hales, 1978) 

1955 
3 Navy places 800,000 y d  o f  sand south o f  entrance t o  boat  bas in  

(Hales , 1978) 

Oct 1956-0ct 0.8 x 106 yd3 deposi ted i n  lee o f  j e t t i e s ;  Oceanside beach l o s t  

1959 1.2 x 106 yd3 ( M o f f a t t  & N icho l ,  Engineers, 1968) 

1960 U.S. Coast and Geodetic sho re l i ne  survey 

Ear ly  1960's Oceanside Harbor constructed; g r o i n  gonsfructed on n o r t h  s ide  
of San Lu i s  Rey R ive r  entrance; 4x10 y d  o f  sand and cobbles 
placed south o f  Harbor entrance i n  1963 (Hales, 1978) 

1963-1965 Beach eros ion  cont inues (Hales, 1978); 0.7 x 106 yd3 dredged 
from entrance and placed on Oceanside beaches ( M o f f a t t  & 
N icho l ,  Engineers, 1968) 

1965 Cobbles on Oceanside beaches, most no tab le  a t  Witherby S t r e e t  
n o r t h  o f  p i e r  (Hales,  1978) 

1965-Feb 1968 About 0.63 x 106 yd3 deposi ted i n  harbor entrance (Mof fat t  & 
Nichol  , Engineers, 1968) 

1969 Coarse sediment discharged from both r i v e r s  

1965-1978 
3 Beach r e s t o r a t i o n  averaged 290,000 yd  /yr (Weggel and C lark ,  

1983 ) 

1972 U.S. Coast and Geodetic sho re l i ne  survey 



Beach sand l o s t  dur ing  storms, cobbles thrown i n t o  houses, 
south Oceanside and Carlsbad beaches bad ly  eroded (Kuhn and 
Shepard, 1984) 

Storms erode beach; road damage and seawall co l l apse  along 
south end of Strand between 12 and 15 February (Kuhn and 
Shepard, 1984, photos); storm losses est imated a t  $1.2 x 106 

1982 U.S. Coast and Geodetic sho re l i ne  survey 

1982- 1983 Severe beach eros ion 

' reference i n  parentheses 

(1) R i v e r  Discharge. Shore l ine  behavior  a t  Oceanside has been 

g r e a t l y  i n f l uenced  by the  frequency and volume of sediment reaching the  coas t  

from the  Santa Marga r i t a  and San Lu i s  Rey Rivers.  R i ve r  o u t l e t  l o c a t i o n  i s  an 

important  f a c t o r ,  e s p e c i a l l y  i n  recent  t imes, s ince  Oceanside Harbor separates 

the  two r i v e r  entrances. 

Fol lowing a h i g h  d ischarge event, l a r g e  volumes o f  r i ve r -bo rne  sediment i s  

s to red  i n  d e l t a s  u n t i l  waves and cu r ren ts  c a r r y  i t  away. De l ta  p ro t rus ions  o f  

t he  3 0 - f t  ba thymet r ic  contour  o f f  bo th  r i v e r s ,  shown i n  1935 bathymetry i n  

F igure  11, f o r  example, a re  evidence of pas t  f l oods ,  probably t h e  f l o o d  o f  

1927. The absence o f  a n o t i c a b l e  a r i v e r  d e l t a  p r o t r u s i o n  a t  t he  6 0 - f t  

contour  suggests those d e l t a s  b u i l t  beyond 3 0 - f t  depths, b u t  n o t  t o  60 ft. 

The absence o f  p r o t r u d i n g  bathymetr ic  contours i n  water  shal lower than 30 f t  

suggests t h a t  by 1935 longshore cu r ren ts  had c a r r i e d  away most o f  t he  sediment 

deposited i n  t h e  f l o o d  o f  1927, 

Sediment discharge t o  the  ocean by the Santa Margar i ta  R ive r  d i f f e r s  i n  two 

ways from discharge i n  t he  San Lu is  Rey R iver .  F i r s t ,  coarse sediment 

discharge i s  h igher  i n  t he  San Lu is  Rey River .  The t ime  of h igh  sediment 

discharges va r ies  as we l l .  I n  the 20th Century, f o r  example, t h e  maximum 

5 5 



I r B A T H Y U E T R I C  CONTOUR P 

SHORELINE MILE NORTH OF MEXICO BORDER 

Figure 11. Bathymetry near Oceanside f r o m  1934-35 USC and GS hydrographic 
surveys. 



discharge i n  t h e  San L u i s  Rey R ive r  occurred i n  1916. Maximum f low i n  t h e  

Santa Margar i ta  R ive r  was i n  1927. 

The impoundment and sediment s torage c h a r a c t e r i s t i c s  o f  t h e  lower reaches o f  

t he  r i v e r s  i s  t h e  second way i n  which the  two r i v e r s  d i f f e r .  Sediment moving 

down the  Santa Margar i ta  R ive r  must pass through a  r e l a t i v e l y  l a r g e  coas ta l  

lagoon before  reaching the  l i t t o r a l  zone. This  means most o f  t h e  sand moving 

i n  t he  Santa Margar i ta  R ive r  reaches the  coast on l y  du r ing  excep t i ona l l y  h i g h  

f l o w  events. A t  lower f lows sand i s  deposi ted i n  t he  downstream, l ow-g rad ien t  

reaches o f  t h e  r i v e r  channel and i n  i t s  coas ta l  lagoon as f l o w  v e l o c i t y  

decreases w i t h  decreasing energy s lope and w i t h  i nc reas ing  lagoon cross- 

sec t i ona l  area. The f l o o d p l a i n  o f  t h e  San L u i s  Rey R i v e r  i s  narrow near t h e  

ocean and does n o t  f u n c t i o n  as a low- f low sand t rap .  Coarse sediment t hus  

reaches the  coast  i n  the  San L u i s  Rey R ive r  a t  much lower  f l ows  and more 

f requen t l y  than i t  does i n  t he  Santa Margar i ta  River.  

The drainage bas in  o f  t he  Santa Margar i ta  R iver  i s  750 mi2 area, o f  which 26 

percent i s  a g r i c u l t u r a l  and 5 percent  i s  urbanized (Brownl ie  and Taylor ,  

1981). Three storage f a c i l i t i e s ,  O ' N e i l l  Lake completed i n  1883, V a i l  Lake 

completed i n  1949, and Skinner Lake completed i n  1973, c o n t r o l  380 mi2 o f  t h e  

drainage basin. V a i l  Lake c o n t r o l s  84 percent  o f  t h a t  area. Brownl ie  and 

Tay lor  (1981) est imate an average 1.4 x 104 tonnes o f  sand and grave l  were 

c a r r i e d  t o  the  upstream end o f  the  Santa Margar i ta  R ive r  lagoon i n  the  p e r i o d  

1931 t o  1975 w i t h  1.8 x 105 tonnes d e l i v e r e d  i n  t he  1969 water  yea r  ( l y d 3  i s  

equal t o  about 1.3 tonnes). Under n a t u r a l  cond i t i ons  they es t imate  t h e  

discharge would have been 1.2 t imes the  1939 t o  1975 est imate.  

The San L u i s  Rey R ive r  drainage bas in  covers an area o f  560 m i 2 ,  o f  which 30 

percent  i s  devoted t o  a g r i c u l t u r e  and 6 percent  i s urban. Lake Henshaw i s the  
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o n l y  major storage f a c i l i t y .  Constructed i n  1922, i t  c o n t r o l s  37 percent  o f  

t he  t o t a l  drainage area. Brownl ie  and Tay lo r  (1981) est imate the  average 

annual sand and grave l  discharge t o  the  ocean a t  2.2 x 104 tonnes between 1930 

and 1975. They es t imate  the  annual sand and grave l  d ischarge under na tu ra l  

cond i t ions  t o  have been 6.7 x 104 tonnes/yr o r  about 3 t imes as g rea t  as the  

present discharge. I n  t h e  1938 water yea r  they est imate 3.6 x  105 tonnes were 

c a r r i e d  t o  t h e  coast. 

A c h a r a c t e r i s t i c  of t he  c l ima te  i n  southern C a l i f o r n i a  i s  a l t e r n a t i n g ,  non- 

uniform length,  wet and d r y  cycles. Wet per iods  are  o f ten  a l s o  t imes when 

wave storms are  more severe and frequent. Several e s p e c i a l l y  wet per iods  a re  

no tab le  examples. The f i r s t  i s  t he  p e r i o d  from 1884 t o  1891 when severe 

cyclones a f f e c t e d  t h e  coast  i n  1884, 1886, 1889, 1890 and 1891 (Kuhn and 

Shepard, 1984). The second i s  the recent  1978-1983 wet per iod.  I n  t h e  20th 

Century, t he  per iods 1903-1911, 1914-1918 and 1935-1941 were a l s o  abnormal ly 

wet. The twenty-plus yea r  pe r iod  before 1978 has genera l l y  been considered 

very dry. The i n t e r v a l  f rom 1842 t o  1883, w i t h  the  except ion  o f  1861-1862, 

was a1 so very d ry  (Lynch, 1931). 

Except ional f l oods  c o n t r i b u t e  the  l a r g e s t  q u a n t i t y  o f  sediment t o  t h e  coast. 

Discharge du r ing  these events can be several orders o f  magnitude l a r g e r  than 

the average annual sediment i n p u t  from r i v e r s .  Evidence f rom p i s t o n  cores o f  

inner-Cont inenta l  margin basins suggests l a r g e  f l oods  occur a t  a  frequency o f  

once per few cen tu r i es  (Malouta e t  a l .  1981; Thornton, 1981; Gorsl  i n e  e t  a l .  

1984) and dominate the  sediment record. 

( 2 )  Longshore Sediment Transport  Rates. Dredging a t  Oceans i d e  

Harbor between 1963 and 1979 was a t  an annual r a t e  o f  2.9 x  105 ~ d 3  (Weggel 



and Clark,  1983). This  r a t e  i s  probably g rea te r  than the n e t  longshore 

sediment t r a n s p o r t  r a t e  n o r t h  o f  t he  harbor ,  b u t  l e s s  than the  gross r a t e  a t  

the  harbor. The Corps o f  Engineers (1980) est imates the  p o t e n t i a l  n e t  

longshore sediment t ranspor t  r a t e  a t  Oceanside t o  be 1 x 105 yd3/yr - sou th ,  

and the gross r a t e  a t  11.8 x 105 yd3/yr. 

A l o c a l  f a c t o r  probably con t r i bu tes  t o  a longshore sediment t ranspor t  g r a d i e n t  

south o f  Oceanside Harbor. Carlsbad Submarine Canyon loca ted south o f  

Oceanside, and e s p e c i a l l y  t he  progress ive  narrowing of t he  i nne r -Con t inen ta l  

She l f  beyond a depth o f  30 f t  south o f  t h e  Oceanside P i e r  (F ig.  l l ) ,  t ends  t o  

c rea te  an alongshore v a r i a t i o n  i n  t he  wave approach d i r e c t i o n  t h a t  p r o b a b l y  

reduces longshore t ranspor t  t o  the  south. There i s  no corresponding 

bathymetr ic  c o n t r o l  n o r t h  of  Oceanside. Assuming deepwater wave 

c h a r a c t e r i s t i c s  n o r t h  and south o f  Oceanside a re  s i m i l a r ,  t he  e f f e c t  o f  t h e  

bathymetr ic  c o n t r o l s  a long the coast  south o f  t h e  harbor  i s  t o  somewhat 

enhance t r a n s p o r t  t o  the  n o r t h  and reduce i t  t o  the south. Corps o f  Eng ineers  

(1980) r e f r a c t i o n  diagramps support t h i s  hypothesis.  The magnitude o f  t h e  

alongshore g rad ien t  south o f  t h e  harbor  i s  unknown. The t r a n s p o r t  p o t e n t i a l  

i n  an alongshore d i r e c t i o n  n o r t h  o f  the  harbor  i s  nea r l y  constant.  I s l a n d  

b lock ing  and t h e  e f fec ts  of r e f r a c t i o n  adjacent  t o  offshore i s l ands  may a l s o  

impose an alongshore g rad ien t  on t h e  n e t  longshore sediment t r a n s p o r t  r a t e  i n  

the  Oceanside area. 

( 3 )  S e a c l i f f s .  The s e a c l i f f  l i n e  shown on F igure  12, o r i e n t e d  a t  

324 degrees, i s  remarkably s t r a i g h t .  When p ro jec ted  across the f l o o d p l a i n s  o f  

the  San Lu i s  Rey and Santa Margar i ta  R ivers  the  s e a c l i f f  does n o t  vary by more 

than 150 f t  f rom a remarkably s t r a i g h t  l i n e ,  10-mi long. To a p o i n t  a b o u t  2- 

mi south o f  t he  harbor  the  present  seacl i f f  l i n e  i s  landward o f  a l l  su rveyed  
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F igu re  12. Sho re l i nes  a t  Oceanside b e f o r e  t h e  ha rbo r  was cons t ruc ted ;  no te  
t h e  remarkably s t r a i g h t  s e a c l i f f  l i n e  on e i t h e r  s i d e  o f  t h e  San 
L u i s  Rey and Santa Marga r i t a  R ivers ;  d i s t a n c e  between s h o r e l i n e s  
and s e a c l i f f  l i n e  ( s o l i d  c i r c l e s )  i s  approx imate ly  equal t o  beach 
w id th .  



shore l ines  (F igs.  12 and 13). The l i n e a r ,  shore-para l le l  t r end  o f  t he  

s e a c l i f f  l i n e  i n  t h i s  reach, however, suggests i t  was scoured by waves and t h e  

t o e  o f  t h e  s e a c l i f f  was co inc iden t  w i t h  the  sho re l i ne  sometime before  1888, 

q u i t e  p o s s i b l y  dur ing  the  very d r y  pe r iod  between 1842 and 1884 (Lynch 1931). 

The o n l y  major  f l o o d  t h a t  con t r i bu ted  sand t o  the  coast  i n  t h a t  pe r iod  was i n  

1861 and 1862. Dur ing the  20-yr  l ong  per iods  be fore  and a f t e r  t h e  1861-1862 

f loods ,  sand was c a r r i e d  away from d e l t a s  a t  t he  r i v e r  o u t l e t s  by marine 

processes. The sho re l i ne  i n  1888, a t  t he  t ime  of t he  e a r l i e s t  survey, was a t  

i t s  h i s t o r i c  r e t r e a t  p o s i t i o n  (F igs.  12 and 13) .  Yet 1888 was j u s t  4  years  

a f t e r  one o f  t h e  heav ies t  f l oods  i n  recorded t ime (Lynch, 1931). This  

suggests t h e  pre-1884 sho re l i ne  might  have been l oca ted  a t  a  more landward 

p o s i t i o n  than the  1888 shore l ine ,  and t h a t  t he  s e a c l i f f s  may have been 

a t tacked by waves a t  Oceanside i n  t he  1862 t o  1883 p e r i o d  no t  t o o  long b e f o r e  

development occurred. 

The s e a c l i f f  n o r t h  o f  the  Santa Margar i ta  R iver  entrance ( M i l e  58.8 t o  M i l e  

59.8) was scoured by waves i n  the 1888 p e r i o d  as shown i n  F igure  12. The 

seacl iff 1 i n e  and the  sho re l i ne  were co inc iden t  i n  1888. Since 1888 a  

widening beach has pro tec ted  those s e a c l i f f s ,  e s p e c i a l l y  i n  recent  t imes when 

the  sho re l i ne  advanced n o r t h  o f  t h e  harbor  (Fig. 13).  A reduc t i on  i n  sand 

supply be fore  1888 probably r e s u l t e d  i n  t he  i nden ta t i on  o f  the  1888 s h o r e l i n e  

a t  the  Santa Margar i ta  R ive r  mouth (F ig .  12).  This  suggests sediment c a r r i e d  

by the  r i v e r  i n  the  f l oods  o f  1884 was deposi t ed  i n  t he  1  agoon. From 1888 t o  

1933, however, there  were a  number of major f loods (1891, 1916 and 1927, p l u s  

moderate f l oods  i n  1889, 1895, 1906 and 1921) t h a t  t ranspor ted  sand and 

deposi ted i t  of f  both r i v e r  entrances, e s p e c i a l l y  widening the  beach o f f  t h e  

Santa Margar i ta  R iver  (F ig .  12). R i ve r  discharge exceeded the  capac i t y  o f  

longshore sediment t r a n s p o r t  processes t o  c a r r y  t h e  sand away i n  t h i s  p e r i o d .  
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Figure  13. Shorel ines be fore  and a f t e r  Oceanside Harbor was constructed;  t h e  
zero re ference sho re l i ne  o f  1888 was genera l l y  landward o f  a1 1  
subsequent shore l  ines; see F igu re  12 f o r  1888 shore l  i ne p o s i t i o n  
w i t h  respect  t o  s e a c l i f f  l i n e .  



( 4 )  Shore l ine  Changes. Surveyed MHW sho re l i nes  v a r i e d  w i t h i n  a  

60 ft envelope south o f  Oceanside B lvd  ( M i l e  53.5) and n o r t h  o f  M i l e  62.5 a t  

Camp Pendleton. I n  t h e  9-mi l ong  i n t e r v e n i n g  reach the  sho re l i ne  v a r i e d  f r o m  

survey t o  survey by as much as 300 ft, and by over  500 ft between 1888 and 

1982. Away from t h e  r i v e r  entrances seacl i f f s  behind t h e  beach were a t tacked  

by waves a f t e r  1888. A t  n o r t h  Oceanside the  seacl i f f s  have been p ro tec ted  by 

a  wide beach s ince  1888. Development has occurred on t h i s  beach i n  t he  p a s t  

80 years. 

I n  1888 the  w ides t  beach (g rea tes t  d is tance between the  s e a c l i f f  and the  

sho re l i ne )  was near t h e  mouth of t he  San L u i s  Rey r i v e r  (F ig.  12). Since then  

the re  has been a  general  sho re l i ne  movement away f rom the  s e a c l i f f  b o t h  n o r t h  

and south o f  t h e  r i v e r  entrances as shown on F igure  13. An except ion i s  t h e  

1960 sho re l i ne  south o f  the  San L u i s  Rey R ive r  (F ig.  13). Shore l ine  r e t r e a t  

i n  t he  pre-1960 p e r i o d  apparent ly  occurred because o f  reduced sand bypassing 

around t h e  harbor  as t h e  no r th  f i l l e t  was expanding (F ig .  13) a t  a  r a t e  o f  

about 2 x 1 0 5 ~ d ~ / ~ r .  Sediment d ischarge i n  t h e  r i v e r s  was low between 1940 

and 1945 and n e g l i g i b l e  from 1945 through 1960 (Brown1 i e  and Taylor ,  1981). 

The n o r t h  j e t t y  a t  Camp Pendleton, cons t ruc ted  i n  1942, appears t o  have 

s t a b i l i z e d  t h e  s h o r e l i n e  n o r t h  o f  t he  harbor. I t s  e f f e c t  by advancing t h e  

sho re l i ne  was g r e a t e r  than the  e f f e c t  o f  f loods i n  t h e  Santa Margar i ta  R ive r .  

As shown i n  F igure  13, the  n o r t h  j e t t y  was respons ib le  f o r  c r e a t i n g  a 

sho re l i ne  t h a t  a t t a i n e d  a  s tab le  c o n f i g u r a t i o n  be fo re  1960. Since 1960 t h e  

sho re l i ne  n o r t h  o f  t he  harbor has been r e l a t i v e l y  s tab le .  Sediment i s  no 

longer being deposi ted i n  s i g n i f i c a n t  q u a n t i t i e s  u p d r i f t  o f  the harbor.  

F luc tua t i ons  between 1960 and 1982 were genera l l y  - +30 f t  o f  the  mean s h o r e l i n e  

pos i t i on .  Th is  i s  w i t h i n  the  p r a c t i c a l  u n c e r t a i n t y  l i m i t s  o f  t he  NOS 



shorel ines.  The o n l y  change from the near l y  s tab le  p o s i t i o n  n o r t h  o f  the  

harbor was a  100 f t  advance i n  the  1972 sho re l i ne  a t  t h e  Santa Margar i t a  R iver  

entrance. That advance, which s lowly  decayed t o  1982, was probably caused by 

sediment t ranspor ted t o  the  coast i n  t h e  f l o o d  o f  1969. 

The f i l l e t  t h a t  was created by the  no r th  j e t t y  advanced the  sho re l i ne  about 

110 f t  and extended i t  5.5 m i  upcoast of t h e  harbor (Fig. 13), o r  about 2 m i  

f u r t h e r  n o r t h  than the  r i v e r  d e l t a  sho re l i ne  p ro jec ted  seaward i n  1888 and 

1934 (Fig. 12). The f i l l e t  shore l ine  va r ies  from the  reg iona l  o r i e n t a t i o n  o f  

the  sho re l i ne  by l ess  than 2 percent. Nor th  o f  t h e  f i l l e t  t h e  sho re l i ne  

sweepzone f rom 1888 through 1982 was less  than 60 ft. 

Sediment deposi ted u p d r i f t  o f  the  n o r t h  j e t t y  a f t e r  t h e  harbor was constructed 

must have come as a  r e s u l t  o f  longshore sediment t r a n s p o r t  f rom t h e  nor th.  

Very l i t t l e  sediment, i f  any, was de l i ve red  t o  t h e  coast by the  Santa 

Margar i ta R iver  between 1942 and 1960. Corps o f  Engineers (1980) bathymetr ic  

surveys i n d i c a t e  the  shoreface no r th  of t h e  f i l l e t  ou t  t o  about -30 ft remain- 

ed s tab le  from 1934 t o  1972. While the  sho re l i ne  i n  t h e  f i l l e t  area advanced, 

bathymetr ic  contours r e t r e a t e d  somewhat, i.e., t h e  shoreface steepened i n  t h e  

f i l l e t  area. The reason f o r  t h i s  steepening i s  no t  c lear .  However, one guess 

i s  t h a t  t h e  1934 bathymetr ic  contours had p rev ious l y  been advanced by the  

format ion o f  a d e l t a  i n  the  1927 f lood,  and s ince then they re t rea ted .  I f  

t h i s  i s  the  case the  harbor was no t  respons ib le  f o r  the  r e t r e a t .  

Offshore Oceanside Harbor sediment has been deposited. Corps o f  Engineers 

(1980) surveys show a l l  bathymetr ic contours o u t  t o  and i n c l u d i n g  t h e  -30 ft 

contour moved seaward between 1934 and 1972, i . e. , a submerged del  t a  formed. 



Sand bypassing has n o t  increased the  sand volume on beaches south o f  Oceanside 

Harbor. Even w i t h  almost 12 x 106 yd3 o f  new mate r ia l  and bypassed sediment 

(Table 12 and Fig. 14) placed a t  Oceanside between 1942 and 1979, the  

s h o r e l i n e  south o f  the  harbor  d i d  n o t  advance except as shown by the  1972 

survey. Th i s  advance was probably enhanced by sediment con t r i bu ted  i n  t h e  

1969 f l o o d  i n  the  San L u i s  Rey R i v e r  and t h e  4 x 106 yd3 o f  ma te r i a l  excavated 

f rom t h e  harbor  and placed on the  beach i n  the  e a r l y  1960's (Table 12).  The 

average nourishment r a t e  a t  Oceanside f rom 1942 t o  1979 was 3.3 x 105 yd3/yr 

o f  m a t e r i a l  from harbor  excavat ion and m a t e r i a l  dredged from the  entrance 

channel. Maintenance dredging a t  Oceanside Harbor has suppl i ed on ly  about 60 

percent  o f  t h e  q u a n t i t y  p laced on the  beaches. Sand from new work dredg ing  

and sand brought i n  from outs ide  sources, i n c l u d i n g  the  San L u i s  Rey R iver ,  

has been requi red.  

Since San L u i s  Rey R ive r  discharge (average about 2 x 104 yd3/yr)  i s  n o t  

inc luded i n  the  3.3 x 105 yd3/yr nourishment r a t e ,  i t  appears over  3.5 x 105 

yd3/yr a r e  requ i red  t o  ma in ta in  the  3-mi long Oceanside beach from M i l e  53 t o  

M i l e  56 i n  nea r l y  t he  same p o s i t i o n  i t  was i n  1888 and 1934. Indeed, Corps of 

Engineers (1980) survey evidence i ndica tes  the  s breface has been s teepen i  ng 

south o f  t he  harbor,  so t h a t  the 3.5 x l o 5  yd3/yr reaching t h e  beaches was n o t  

enough t o  main ta in  pre-1934 cond i t ions .  Before 1934, Oceanside beach was 

mainta ined by longshore sediment t r a n s p o r t  w i t h  a ne t  sou the r l y  d i r e c t i o n ,  and 

by r e l a t i v e l y  in f requent ,  b u t  l a rge ,  discharges o f  sand f rom t h e  r i v e r s .  

Sediment losses a t  Oceanside beaches today appear t o  be occu r r i ng  because o f  a 

d i s r u p t i o n  i n  the  n e t  volume o f  sand supp l ied  f rom upcoast ( n o r t h )  reg ions ,  a 

n e t  l o s s  o f  sand caused by alongshore t r a n s p o r t  t o  the  n o r t h  and d e p o s i t i o n  a t  

and o f f sho re  t h e  harbor,  and a reduc t i on  i n  t he  volume of  sand d e l i v e r e d  by 
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F igu re  14. Sediment volume dredged from Oceanside Harbor and Aqua Hedionda 
Lagoon in recent years (from Shaw, 1980). 



t h e  r i v e r s .  The average sand discharge by both r i v e r s ,  est imated t o  be a b o u t  

3 x 104 yd3 /y r  by Brownl ie  and Taylor ,  (1981), was much l e s s  than t h e  p r e s e n t  

day beach sand l o s s  a t  Oceanside o f  over  3.5 x 105 yd3/yr .  

L i t t o r a l  sediment p resen t l y  appears t o  be moving i n  bo th  d i r e c t i o n s  toward  the  

harbor.  U n t i l  sometime before 1960 when t h e  no r th  f i l l e t  s t a b i l i z e d ,  t h e  n e t  

a c c r e t i o n  r a t e  u p d r i f t  o f  t he  n o r t h  j e t t y  was about 2 x 105 yd3/yr ( u s i n g  Eq.1 

and cons ider ing  shoreface steepening).  The 2 x 105yd3/yr inc ludes  the  n e t  

longshore sediment t r a n s p o r t  r a t e  and t h e  volume o f  sediment discharged by t h e  

Santa Margar i ta  River .  A f t e r  1960 t h e  2 x 105 yd3/yr  moved t o  the  harbor .  

South o f  t he  harbor  du r ing  the  same p e r i o d  the beach and shoreface s l o w l y  

d e t e r i o r a t e d  even though about 3.5 x 105 yd3 per  yea r  was a r t i f i c i a l l y  a n d  

n a t u r a l l y  ( r i v e r  d ischarge)  added. The volume l o s t  south o f  t h e  harbor  

appears t o  be 1.5 t o  2.5 x  1 0 5 ~ d 3 / y r  l a r g e r  than t h e  n e t  longshore t r a n s p o r t  

r a t e  n o r t h  o f  t h e  harbor. The n e t  longshore sediment t r a n s p o r t  r a t e  s o u t h  o f  

t h e  harbor  may be near  t h e  1.25 x 105 yd3/y r  deposi ted i n  Aqua Hedionda 

Lagoon, which i s  cons i s tan t  w i t h  t h e  hypothesis  t he re  i s  a longshore sediment 

t r a n s p o r t  g rad ien t  south o f  t h e  harbor. 

About 2 x 105 yd3/yr o f  the  1 oss south of the  harbor i s  probably no t  t h e  

r e s u l t  o f  longshore t r a n s p o r t  t o  t h e  south. Corps o f  Engineers (1980) su rveys  

suggest i t  i s  n o t  moving o f f sho re  o f  Oceanside. It must t h e r e f o r e  be moving 

i n  a northward d i r e c t i o n  toward the  harbor  and l o s t  there.  Coupled w i t h  t h e  

approximately 1.5 t o  2 x 105 yd3/yr  moving t o  the  harbor  f rom the  nor th,  

perhaps 4 x 105 yd3/yr i s  reaching t h e  harbor  from bo th  longshore d i r e c t i o n s .  

About 3 x 105 ~ d 3 / ~ r  of t h a t  i s  be ing  dredged and p laced on the Oceanside 

beach. The d i f ference of 1 x 105 ~ d 3 / ~ r  i s  apparent ly  c a r r i e d  seaward and  

deposi ted of fshore the  harbor.  



v . 
( 5 )  Summary. NOS shore l i ne  maps can be used t o  eva lua te  sho re l i ne  

behavior  a t  Oceanside over  a  pe r iod  o f  about 100 years. The maps show the  

1888 sho re l i ne  was landward of  a l l  subsequent map shore l ines  (1934, 1960, 

1972, and 1982) n o r t h  of Oceanside P ie r .  I n  1960, the  sho re l i ne  t o  ?-mi south 

of t h e  p i e r  was up t o  80 ft landward o f  t he  1888 shore l ine .  I n  1888 beach 

w id th  averaged 100 t o  200 - f t  i n  t h i s  reach. S t a r t i n g  a t  t he  t ime  the  n o r t h  

j e t t y  o f  Oceanside Harbor was constructed i n  1942 and ending before 1960, t he  

sho re l i ne  n o r t h  o f  t h e  harbor  advanced about 110 f t  over  a  5.5-mi d is tance.  

The advance created a  f i l l e t  t h a t  was 500- f t  seaward o f  t h e  1888 shore1 i n e  

near t he  j e t t y  and 5 0 - f t  seaward o f  t he  s e a c l i f f  a t  Camp Pendleton. I n  1888 

the  sho re l i ne  was a t  t h a t  s e a c l i f f .  Since 1960 t h e  shorel  i n e  n o r t h  of t he  

harbor has been s t a b l e  ( w i t h i n  unce r ta in t y  1  i m i t s  o f  +30 - f t ) .  

Since before 1888, when t h e  f i r s t  l o c a l  sho re l i ne  survey was made, u n t i l  1942, 

when harbor cons t ruc t i on  began, the  pr imary c o n t r o l  on sho re l i ne  behav ior  near 

Oceanside was sediment a v a i l a b i l i t y .  To the  present  sediment a v a i l a b i l i t y  

p lays  $an important  r o l e .  Sporadic sediment d ischarge by t h e  San L u i s  Rey and 

Santa Margari t a  Rivers caused r a p i d  shore l  i n e  advances and c reated de l tas .  

S i g n i f i c a n t  r e t r e a t s  occurred du r ing  dry ,  low sediment-discharge pe r iods  when 

longshore t ranspor t  processes s lowly  removed t h e  d e l t a  deposi ts .  Sometime, 

probably between 1842 and 1883, the  seacl i f f s  a long t h e  l e n g t h  o f  t h e  

Oceanside shore were c u t  by waves du r ing  a low d ischarge per iod.  

J e t t i e s  constructed a t  Camp Pendleton Harbor i n  1942, and expanded when 

Oceanside Harbor was cons t ruc ted  i n  t h e  e a r l y  19601s, mod i f i ed  t h e  l o c a l  long-  

shore and cross-shore sediment t ranspor t  regime. Shore l ine  behavior  was 

markedly changed. Cycl es o f  1  arge s ho re l  i ne advances and r e t r e a t s  were 



replaced b y  a steady advance u n t i l  about 1960 n o r t h  o f  t h e  harbor, by a l o s s  

south o f  t h e  harbor  t h a t  was m i t i g a t e d  by a r t i f i c i a l l y  adding sand, and b y  

depos i t i on  seaward of  the  harbor s t ruc tu res .  A simple sediment budget 

ana lys i s  i n d i c a t e s  about 1 x 1 0 5 ~ d 3 / ~ r  have been l o s t  o f f s h o r e  the harbor  

s ince  about 1960. 

h. Camp Pendleton Subreach ( M i l e  62.8 t o  73.0). Th is  most ly  undeveloped 

reach i s  backed by s e a c l i f f s  composed o f  p a r t l y  consol idated sediments. 

S e a c l i f f  e l e v a t i o n s  range from 80 t o  140 ft. San Onofre Nuclear Generat ing 

S ta t i on ,  cons t ruc ted  i n  the  mid-1970's i s  l oca ted  a t  M i l e  71.2 (F ig.  15 ) .  The 

sho re l i ne  on e i t h e r  s i d e  o f  t h e  seawall a t  t he  power s t a t i o n  has advanced w i t h  

the  l a r g e s t  seaward movement (about 150 ft between 1972 and 1982) nor thwest  o f  

t h e  s t a t i o n .  The advance southeast o f  t he  p l a n t  was about 60 f t  i n  t h e  same 

per iod.  

Map s h o r e l i n e  changes between 1888 and 1982 a re  most ly  conta ined w i t h i n  a 100- 

f t  envelope ( s l i g h t l y  l a r g e r  than t h e  p r a c t i c a l  bounds of unce r ta in t y ,  b u t  

sma l l e r  than the  maximum u n c e r t a i n t y  l i m i t s ) .  As shown i n  Table 13, t h e  

sho re l i ne  advanced an average o f  about 60 f t  between the  t ime o f  t he  1889 

survey and t h e  1982 survey o r  about 0.7 f t l y r .  The o n l y  pe r iod  of r e t r e a t  was 

between the  surveys o f  1960 and 1972. The l a r g e s t  advance occurred between 

1934 and 1960, I n t e r e s t i n g l y ,  between 1889 and 1934 the  nor thern  p a r t  o f  t h e  

reach advanced and the  southern p a r t  re t rea ted ,  w h i l e  f rom 1934 t o  1960 t h e  

l a r g e s t  advance occurred i n  t he  south w h i l e  i n  t he  n o r t h  o n l y  a small average 

advance i s  ind ica ted .  These t rends a re  j u s t  the opposi te o f  the  a longshore 

s h i f t s  shown i n  F igures 6 and 7 t h a t  occurred i n  t h e  S i l v e r  Strand L i t t o r a l  

C e l l  i n  those per iods.  
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Figure 15. Locat ion  map, n o r t h  one - th i rd  o f  Oceanside L i t t o r a l  Cell. 



TABLE 13. Shore l ine  Change Rates, Camp Pendleton 

SHORELINE SHORELINE SURVEY R A T E S ~  
INTERVAL 1889- 1934- 1960- 1972 

( M i  1 e) 1934 1960 19 72 1980 - 
63-64 
64-65 
65-66 
66-67 
67-68 
68-69 
69-70 
70-71 
71-72 
72-73 

average 
average shore 
l i n e  change 

' i n  f e e t  per  year, averaged by sho re l i ne  i n t e r v a l ,  and averaged between survey 
dates 

The f l o o d p l a i n  o f  Los F lo res  Creek entrance widens t o  0.6 m i  w i t h i n  o n e - t h i r d  

m i l e  o f  t he  coast. There i s  no t r u e  lagoon, however, and t h e  creek d ischarges 

about midpoint  between the  low b l u f f s  t h a t  bound the  o u t l e t .  Since 1888 t h e  

o u t l e t  has remained i n  t h a t  v i c i n i t y ,  m i g r a t i n g  over o n l y  about 20 percent  o f  

the  o u t l e t  f loodplan.  The o u t l e t  was open i n  1888 and 1982. Shorel ine 

changes a t  t h e  o u t l e t  o f  Las F lo res  Creek were w i t h i n  a map envelope o f  80 f t  

between 1888 and 1982. 

i. San Mateo Creek Subreach ( M i l e  73.0 t o  M i l e  73.8). This  creek o u t l e t  

i s  l oca ted  a t  the southeast s ide  o f  San Mateo Po in t  where t h e  o r i e n t a t i o n  o f  

the  sho re l i ne  changes about 60 degrees. San Mateo Creek discharges near t h e  

northwest s ide  o f  i t s  0.8-mile wide f l oodp la in .  Between 1888 and 1982 t h e  

sho re l i ne  moved i n  an envelop of l ess  than 100 ft. In 1888 t h e  o u t l e t  was 

against  t he  b lu f f s  a t  the  no r th  s ide  o f  t h e  sweep zone. A 1,000-f t  long a n d  

1 0 0 - f t  wide s p i t  extended n o r t h  from the  sou the r l y  l o c a t i o n  o f  subsequent 

7 1 



entrances suggesting: (1 )  t he  most frequent l o c a t i o n  o f  t h e  entrance i s  

u s u a l l y  about 1,000 ft southeast o f  the  b lu f f s ,  and ( 2 )  longshore sediment 

t ranspor t  p r i o r  t o  the  1888 survey may have been t o  the  nor th .  

j. San Clemente Subreach ( M i l e  73.8 t o  M i l e  81.0). This  s h o r e l i n e  i s  

backed by the Atchison,  Topeka and Santa Fe Ra i l road r igh t -o f -way on the  

seaward s ide  o f  t h e  s e a c l i f f .  Houses and Highway 101 ( E l  Camino Real) have 

a l so  been constructed seaward o f  t he  s e a c l i f f s  from M i l e  77.7 t o  M i l e  81.0. 

Shorel ine map data a re  a v a i l a b l e  f o r  t h e  years 1934, 1960, 1972 and 1982 

(Table 14). 

TABLE 14. Shore l ine  Change Rates, San Clernente Subreach 

SHORELINE SHORELINE SURVEY D A T E S ~  

INTERVAL 1934 - 1934- 1960- 1972 - 
( M i l e )  1972 1960 1972 1982 - 

' i n  f e e t  pe r  year  averaged by sho re l i ne  i n t e r v a l ,  and averaged between survey 

dates 



Shorel ine movements as depicted on the  maps were genera l l y  w i t h i n  the  maximum 

u n c e r t a i n t y  bounds (F ig .  4 )  except near t he  n o r t h  end o f  t he  reach where t h e  

sho re l i ne  had advanced s i g n i f i c a n t l y  s ince  1972. I n  the  l a t e  1960's a b o u t  

900,000 yd3 o f  sand from a  land source was p laced on the  beach i n  the  M i l e  79- 

81 reach. 

F igure  4 shows the  r e t r e a t  t h a t  occurred i n  the  mid-por t ion  o f  the  San 

Clemente subreach between 1934 and 1972. The sho re l i ne  advanced from 1972 t o  

1982 w i t h  t h e  g rea tes t  advance southeast o f  t he  San Juan Creek o u t l e t  and a t  

t he  San Clernente P ie r .  San Juan Creek i s  a source o f  l i t t o r a l  sand, 

Shorel ine changes between 1967 and 1981, obta ined from a e r i a l  photographs 

(Orange County, 1985) show the  l a r g e  shore1 i n e  advance between M i l e  78.5 and 

81.0. Th is  advance occurred because of  t h e  s h e l t e r i n g  e f f e c t  o f  t he  s o u t h  

breakwater of Dana Po in t  Harbor which was completed i n  1968. The breakwater  

reduces the  amount o f  wave energy reaching t h a t  shore and hence reduces t h e  

net ,  south-d i rec ted  longshore sediment t r a n s p o r t  ra te .  Sediment c a r r i e d  t o  

the coast i n  San Juan Creek i s  n o t  removed and c a r r i e d  downcoast as r a p i d l y  as 

i t  was before  the  harbor  was constructed.  The sho re l i ne  r e t r e a t  t h a t  o c c u r r e d  

i n  t he  1967-1981 pe r iod  between M i l e  77.0 and 78.5 (F ig.  4 )  i s  c o n s i s t a n t  w i t h  

the  sho re l i ne  r e t r e a t  t rend  a t  t h a t  l o c a t i o n  f rom 1934 t o  1972. 

k .  Unstructured Lagoon Ou t le t s ,  San Diego County South o f  Oceanside. 

Many r e l a t i v e l y  small streams discharge i n t o  coas ta l  lagoons i n  San D iego  

County. When the  ocean o u t l e t s  remain open wetland growth i s  enhanced b y  

sa l twa te r  c i r c u l a t i o n .  When the  volume of l i t t o r a l  sediment moved t o  an 

o u t l e t  by longshore t ranspor t  processes exceeds the  volume t ranspor ted  away by 

t i d a l  cu r ren ts  the  o u t l e t  becomes c o n s t r i c t e d  and may close. Marine organisms 

t h a t  must t r a n s i t  t he  o u t l e t  a re  then e i t h e r  t rapped i n  the  lagoon o r  



prevented f rom en te r i ng  i t. Water q u a l i t y  i n  t he  lagoon a l so  changes, u s u a l l y  

t o  t h e  de t r iment  o f  wetlands b io ta .  I n  t he  absence o f  f r e s h  water r u n o f f  t he  

c losed 1 agoon becomes hypersal i n e  as a resu l  t o f  evaporat ion. S i g n i f i c a n t  

f reshwater  r u n o f f ,  however, d i l u t e s  t h e  s a l t  content.  Lagoons w i t h o u t  an 

ocean o u t l e t  are thus 1 i k e l y  t o  experience wide f l u c t u a t i o n s  i n  s a l i n i t y .  

Shorel i n e  maps prov ide  1 irni t ed  in format ion on o u t l e t  geometry and 

opening/cl  osure c h a r a c t e r i s t i c s  a t  t h e  t ime shore1 i n e  surveys were made. This  

in fo rmat ion  may a s s i s t  i n  b e t t e r  understanding t h e  wetlands resource and t h e  

s t a b i l i t y  o f  f r o n t i n g  beaches. Lagoons considered i n  t h i s  s h o r e l i n e  ana lys i s  

are l i s t e d  a t  Table 15. 

TABLE 15. Coastal Lagoons Considered i n  San Diego County 

Lagoon Shore1 i n e  M i l e  

T i juana R ive r  Estuary 

Los Penasqui t os  

San D iegu i to  R ive r  

San E l i  j o  

B a t i q u i t o s  

Aqua Hedionda 

Buena V is ta  

- (1) T i  juana R ive r  Estuary ( M i l e  0 t o  M i l e  2.1). Th is  2 mi2 es tuary  

i s  most ly  subaer ia l  a t  MHW. Based on a 1937 t o  1975 pe r iod  of record  Brown1 i e  

and Tay lor  (1981) est imated t h e  sediment d ischarge r a t e  i n  the T i juana R ive r  

a t  2.5 x 105 yd3/yr be fore  th ree  dams were constructed,  and a t  1.2 x 105 



yd3/yr i n  i t s  present  mod i f i ed  c o n d i t i o n  ( 1  yd3 i s  assumed equal t o  1.3 

tonnes ) . 

O u t l e t  behavior  appears t o  r e f l e c t  changing water and sediment discharge 

cond i t ions .  The o u t l e t ,  between the  t ime  t h e  f i v e  sho re l i ne  surveys were 

made, narrowed and migrated t o  t h e  n o r t h  (F ig .  16). Northward m i g r a t i o n  has 

been about 10 f t / y r .  O u t l e t  m i g r a t i o n  p a r a l l e l s  sediment adjustments i n  t h e  

l i t t o r a l  c e l l  as shown i n  F igure  7. I n  t h e  1972-1982 p e r i o d  when l i t t o r a l  

sand moved i n  a south- to-nor th d i r e c t i o n ,  as w e l l  as o f fshore ,  the  en t rance  

moved nor th.  The opposi te occurred i n  t he  1960-1972 p e r i o d  when the  s o u t h  end 

o f  the  c e l l  gained sand. 

Entrance w id th  i s  s e n s i t i v e  t o  longshore sediment t r a n s p o r t  r a t e s  and t h e  

t i d a l  range t h a t  e x i s t e d  j u s t  be fo re  the  sho re l i ne  survey was made, 

Nevertheless, the t rend  t o  a narrower entrance i s  reasonable because o f  

reduced scour capac i ty  r e s u l t i n g  from reduced f reshwater  d ischarge i n  r e c e n t  

years. 

Several arguments suggest t he  es tuary  has n o t  s i g n i f i c a n t l y  f i l l e d  s ince  1851. 

Almost 14 x 106 yd3 o f  sand and grave l  was probably discharged t o  the  u p p e r  

T i  juana R i v e r  estuary between 1884 and 1944 ( M o f f a t t  and N icho l  , Engineers,  

1987). I f  deposi ted i n  the  estuary,  t h a t  sand and grave l  would have i nc reased  

the  estuary l e v e l  by 7 ft. This c l e a r l y  d i d  no t  occur. Most o f  t he  sediment  

must have been c a r r i e d  through the  es tuary  t o  the  coast. Low f l o o d  f l o w s ,  

perhaps those below 10,000 cfs ,  may c a r r y  sand and grave l  t o  b u t  n o t  t h r o u g h  

the  T i  juana R ive r  Estuary. However, in f requent ,  bu t  l a r g e r  f loods ,  c a r r y  most 

o f  t he  p rev ious l y  deposited and s to red  m a t e r i a l ,  as w e l l  as the  sand and 

gravel  moved downstream by the  l a r g e r  f lood, through the  es tuary  t o  t h e  ocean. 



Year 

Figure 16. Changes i n  t h e  entrance o f  the  Ti juana R i v e r  between 1851 and 
1982. 



Oneonta Slough, a  no r th - t rend ing  arm o f  the  estuary,  has no t  f i l l e d  t o  any 

g rea t  e x t e n t  i n  recent  t imes as i n d i c a t e d  on the  sho re l i ne  maps. This  

suggests sediment de l i ve red  t o  the  landward reaches of the  es tuary  i s  c a r r i e d  

d i r e c t l y  west through the  estuary t o  the  coast  du r ing  major f l oods .  The 

occurrence of a s i g n i f i c a n t  backwater e f f e c t  and ponding i n  t he  es tuary  

apparent ly  i s  minimal dur ing  major f loods. 

( 2 )  Los Penasquitos Creek ( M i l e  35.5 t o  M i l e  36.3). The shorel i n e  

a t  t h i s  creek o u t l e t  has f l uc tua ted  w i t h i n  the  u n c e r t a i n t y  bounds o f  the  maps. 

I n  1888, a yea r  o f  ex t rao rd ina ry  r a i n f a l l ,  the  o u t l e t  of Los Penasquitos Creek 

was open and about 1500 ft n o r t h  o f  i t s  present  l o c a t i o n  (F ig.  17). The 

o u t l e t  was a l s o  open i n  1982, b u t  c losed i n  1933, 1960 and 1972 when o t h e r  

sho re l i ne  surveys were made. I n  h i s t o r i c  t ime the  o u t l e t  has been w i t h i n  t h e  

nor thern  one-hal f  of lower Soledad Val ley.  Present ly  the  o u t l e t  l o c a t i o n  i s  

f i x e d  by a  b r i dge  over t he  P a c i f i c  Coast Highway. 

( 3 )  San D iegu i to  R ive r  ( M i l e  38.8). This  r i v e r  o u t l e t  i s  a t  t h e  

no r th  boundary o f  i t s  f loodp la in .  I n  1888 t h e  r i v e r  shore l  i n e  was a g a i n s t  t h e  

b l u f f s  a  few hundred fee t  i n s i d e  the  p r o t e c t i v e  s e a c l i f f .  Floods i n  the  

1880's may have been responsib le f o r  c u t t i n g  the  b l u f f .  I n  1888 and 1982 t h e  

o u t l e t  was open; i n  1933, 1960 and 1972 i t  was c losed (F ig .  17 ) .  No ev idence 

of a  d e l t a  depos i t  i s  ev ident  of f  t h e  San D iegu i to  River ,  

( 4 )  San E l i j o  Lagoon ( M i l e  40.6-41.7). The o u t l e t  of t h i s  lagoon 

has been a t  the  extreme no r th  s ide  of i t s  f l oodp lan  i n  h i s t o r i c  t imes (1888 t o  

present) .  About 70 percent o f  the  lagoon i s  p r e s e n t l y  open water (Fig. 17) .  

The 1933 shore l  i n e  represents the  maximum r e t r e a t  l o c a t i o n ,  b u t  shore l  i n e  
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changes on the  s p i t  t h a t  separates the  ocean and lagoon have genera l l y  

advanced s ince  1888 (maximum 130 ft a t  M i l e  40.7). The lagoon o u t l e t  was open 

i n  1888, 1933 and 1982, and c losed i n  1960 and 1972. 

(5 )  B a t i q u i t o s  Lagoon ( M i l e  4 6 . 7 - 4 7 2 ,  B a t i q u i  tos  Lagoon i s  almost 

a l l  open water  (Fig. 17). A comparison o f  the 1933 and 1983 shore l ines  o f  the  

lagoon i n d i c a t e  the  open water area increased s l i g h t l y  i n  t h a t  per iod.  The 

ocean entrance o f  t h i s  lagoon was o n l y  open a t  t he  t ime the  1982 s h o r e l i n e  was 

es tab l ished.  The o u t l e t  was l o c a t e d  a t  t h e  n o r t h  s ide  of t he  lagoon f r o m  1888 

t o  1982. Between 1888 and 1972 t h e  ocean sho re l i ne  o f  t h i s  0.3-mi l o n g  reach 

advanced about 150 ft o r  an average 2 f t /yr .  Th is  advance i s  g rea te r  t h a n  

t h a t  which appears t o  have occurred on nearby beaches. From 1972 t o  1982 the  

shore1 i ne r e t r e a t e d  an average 70 ft. 

( 6 )  Agua Hedionda Lagoon ( M i l e  50.8-51.4). Th is  lagoon i s  

c o n t r o l l e d  on both  the  no r th  and south ends by double, shore-normal 

s t ruc tu res .  Two 500-foot l ong  j e t t i e s  a t  the n o r t h  end were designed t o  

s t a b i l i z e  and main ta in  an i n l e t ,  t h e  purpose o f  which i s  t o  p rov ide  an 

u n i n t e r r u p t e d  f l o w  of s a l t  water t o  power p l a n t  in takes  i n  t he  lagoon. Two 

400-foot  long j e t t i e s  a t  the  south end were designed t o  p rov ide  a d i scha rge  

o u t l e t  f o r  the  powerplant. A l l  j e t t i e s  were cons t ruc ted  i n  1954. The lagoon 

was n a t u r a l l y  open a t  the n o r t h  end i n  1934. I n  1888 i t  was closed. The 

w i d t h  of  t h e  b a r r i e r  separat ing ocean and lagoon a t  bo th  the  n o r t h  and sou th  

ends was l e s s  than 100 f t  i n  1888. Natura l  channels approached the  c o a s t  a t  

bo th  ends of t h i s  open lagoon. 

The 0.6-mi long reach t h a t  separates t h e  lagoon from the  ocean i s  a b a r r i e r  

s p i t .  Before 1954 i t  was mainta ined by 1 i t t o r a l  sediment t ranspor ted  para1 l e l  



t o  shore. Since cons t ruc t i on  of t he  j e t t i e s ,  t he  b a r r i e r  has been 

a r t i f i c i a l l y  maintained. I n  1954 the  ou te r  (western) lagoon was i n i t i a l l y  

dredged and 4 x lo6 yd3 were placed n o r t h  o f  t he  no r th  j e t t i e s  and between the  

n o r t h  and south j e t t i e s .  The between- jet ty  beach was i n i t i a l l y  widened 400 

f e e t .  F igure 18 shows the volume dredged froni the  lagoon between 1954 and 

1979 ( f rom Shaw, 1980) and placed e i t h e r  e n t i r e l y  between the  se ts  o f  j e t t i e s ,  

o r  p a r t i a l l y  between the se ts  o f  j e t t i e s  and p a r t i a l l y  n o r t h  o f  t h e  n o r t h  

j e t t y .  Shorel ine l o c a t i o r l  i n  1934 averaged about 150 f t  landward of t h e  1960 

map l o c a t i o n  (Table 16).  The 1972 shore l i ne  averaged about 110 f t  landward of 

the  1960 shore l ine .  

TABLE 16. Shorel ine Change Rates, V i c i n i t y  of 

Aqua Hedionda Lagoon, 1888-1982. 

SHORELINE 

INTERVAL 

( M i l e ]  

' i n  f e e t  per  year  averaged by shore1 i n e  i n t e r v a l  and averaged between survey 

dates 

'north entrance t o  Agua Hedionda Lagoon i s  a t  M i l e  51.4; the  south c o o l i n g  

water o u t l e t  i s  a t  M i l e  50.8 
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Figure  18. Shore l ine  changes and cumulat ive beach nourishment volume a t  Agua 
Hedionda Lagoon (mod i f i ed )  from Shaw , 1980). 



Shorel ine p o s i t i o n  appears c lose l y  r e l a t e d  t o  the q u a n t i t y  o f  f i l l  m a t e r i a l  

placed on t h e  b a r r i e r  beach. Between 1954 and 1979 t h e  s h o r e l i n e  was 

maintained by the  a d d i t i o n  of an averaqe 1.25 x 105 yd3/year o f  m a t e r i a l  

dredged from the lagoon (F ig .  18). When the  average 1.25 x 1 0 5 ~ d 3 / ~ r  

nourishment r a t e  was reduced i n  the  mid t o  l a t e  1960's the  sho re l i ne  

re t rea ted .  I n  1972, the  cumulat ive volume o f  placed b e a c h f i l l  was about  2.5 x 

lo5  yd3  below the  25 year  average as  a r e s u l t  o f  t he  reduced 1965-1971 

placement ra te .  A f t e r  1972 the dredging r a t e  increased and the  s h o r e l i n e  

advanced. Sand dredged f rom the  lagoon came f rom the  l i t t o r a l  zone through 

the i n l e t  s t a b i l i z e d  by the  sho r t  n o r t h  j e t t i e s .  Dredging a t  Agua Hedionda 

Lagoon i s  a form o f  sand bypassing. 

( 7 )  Buena V i s t a  Lagoon ( M i l e  52.8-53.1). The f i v e  map shore l ines  

t h a t  a re  a v a i l a b l e  a t  the  mouth o f  t h i s  lagoon show a change of A + 40 f t  s ince 

1888. O f  note i s  the  l o c a t i o n  of  t he  lagoon entrance. I t  i s  a t  t h e  southern 

one- fo r th  o f  t he  b a r r i e r  beach (F ig .  17). The channel was o n l y  open i n  1972. 

The entrance pos i t i o r )  has been s tab le  i n  the pas t  100 years. 

(8)  Summary - Lagoon Out lets .  The charac ter  o f  lagoons and lagoon 

o u t l e t s  between La J o l l a  and Oceanside tend t o  vary  w i t h  some consis tency i n  

an alongshore d i r e c t i o n .  Most no t iceab le  of the  alongshore t rends  i s  t h a t  o f  

percent  exposed marsh. As shown i n  F igure  17, t h e  lagoons i n  t h e  south a r e  

f i l l e d  w i t h  sediment. I n  t h e  n o r t h  the  lagoons are open. 

I n t e r e s t i n g l y ,  t he  o u t l e t s  o f  lagoons i n  the  south were open a t  the  t ime 

surveys were made more o f t e n  than the  lagoons i n  t he  n o r t h  (F ig .  17) .  Whi le 

the  number o f  t imes i s  n o t  t o o  important ,  t he  r e l a t i v e  d i f f e r e n c e  i n  an 

alongshore d i r e c t i o n  suggests the  o u t l e t s  o f  t he  southern lagoons might  be 



open more o f t e n  than those f u r t h e r  nor th ,  poss ib l y  because longshore t r a n s p o r t  

ra tes  a re  g r e a t e r  i n  the  no r th  o r  t he  a v a i l a b i l i t y  o f  sediment i s  g r e a t e r  i n  

t h e  nor th .  San E l i j o  Lagoon was open 60 percent  o f  the  t ime surveys were 

made. B a t i q u i t o s  and Buena V is ta  ( a  small lagoon) Lagoons were open a t  t h e  

t ime o f  o n l y  20 percent  o f  the surveys. 

When open, t h e  lagoon o u t l e t s  have been loca ted toward the no r th  s ide c f  t h e i r  

f l o o d p l a i n s  (F igure  17). The on ly  except ion i s  the  o u t l e t  o f  Buena V i s t a  

lagoon. The o u t l e t  l o c a t i o n  on the  n o r t h  s ide  o f  the lagoons i s  somewhat 

c o n t r a r y  t o  the  b e l i e f  t h a t  ne t  south longshore t ranspor t  w i l l  tend t o  f o r c e  

the  o u t l e t s  t o  the  south. Lagoon w i d t h  between the  b l u f f s  decreases t o  t h e  

n o r t h  as shown i n  F igure  17. 

4. Laguna Beach L i t t o r a l  Compartment. Th is  reach extends from Dana P o i n t  

( M i l e  83.0) t o  t h e  entrance o f  Newport Bay a t  M i l e  96.4 (F ig .  19). I t  i s  

charac ter ized by sho r t  sandy beaches bounded by rocky headlands ( "pocket  

beaches"). Some of t he  headlands a c t  as complete b a r r i e r s  t o  t he  longshore  

t r a n s p o r t  o f  1  i t t o r a l  sand. Dana Po in t ,  Abalone Po in t  ( M i l e  92.1) and t h e  

eas t  j e t t y  a t  t he  entrance t o  Newport Bay a re  a  few examples. Other headlands 

t h a t  on l y  extend of fshore t o  shal low depths o r  a re  n o t  cont inuous a long t h e i r  

l eng th  a l l o w  some of the sand t h a t  moves p a r a l l e l  t o  shore t o  pass around o r  

through them. The effect iveness of most of t h e  headlands i n  i n h i b i t i n g  

longshore t ranspor t  i s  unknown. 

Beach behavior  i n  the pocket beaches i s  a f f e c t e d  t o  some ex ten t  by t h e  charac-  

t e r i s t i c s  o f  t he  bounding headlands, e s p e c i a l l y  t h e i r  length ,  and p robab ly  t o  

a  l e s s e r  ex ten t  t h e i r  o r i e n t a t i o n  from shore; and by the q u a n t i t y  o f  s t ream- 

borne sand t h a t  i s  discharged between headlands. The p lan  shape o f  t h e  shore-  

1  i n e  between headlands appears t o  be dependent upon head1 and c h a r a c t e r i s t i c s ,  
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Figure 19. Location map, Laguna Beach L i t t o r a l  Compartment. 



s h o r e l i n e  o r i e n t a t i o n ,  and the  d is tance between headlands. Table 1 7  shows 

geometr ic c h a r a c t e r i s t i c s  o f  t h e  15 l a r g e r  headland-bounded beaches i n  t h e  

reach. H i s t o r i c  sho re l i ne  p o s i t i o n  changes t h a t  have been measured on these 

beaches a r e  shown i n  F igure 20 w i t h  the  m i l e  des ignat ion  f o r  the  beaches g iven 

i n  Table 17. A zero p o s i t i o n  i s  used f o r  the 1934 shore l ine ,  which i s  t h e  

o l d e s t  cont inuous sho re l i ne  a v a i l a b l e  f o r  the  reach. From Dana Strand Beach 

t o  West S t r e e t  Beach the  1934 sho re l i ne  i s  t h e  o ldes t .  Nor th  o f  t h e r e  t h e  

e a r l i e s t  sho re l i ne  was surveyed i n  1885 except a t  Pe l ican Po in t  Beach where 

the  f i r s t  sho re l i ne  was surveyed i n  1875. 

The p o s i t i o n  o f  the  l a t e  1800's sho re l i ne  i s  probably r e a l ,  i n d i c a t i n g  t h e r e  

was a  s i g n i f i c a n t l y  reduced volume o f  sand adjacent t o  t h e  s e a c l i f f s  a t  t h a t  

t ime i n  comparison t o  the  l a t e  1900's. The sho re l i ne  change t rend  a t  P e l i c a n  

Po in t  Beach f o r  t he  pe r iod  1875 t o  1934 i s  s i m i l a r  t o  t h e  1885 t o  1934 t r e n d  

a t  beaches south o f  there,  suggest ing b u t  no t  v e r i f y i n g ,  t h a t  t he  l a t e  1800's  

t o  1934 advance was r e a l ,  and i s  n o t  t he  r e s u l t  o f  a  1  arge seasonal r e t r e a t .  

I f  i t  was caused by l a r g e  seasonal changes they would have had t o  be s i m i l a r  

a t  the  t ime o f  the  1875 and 1885 surveys, b u t  no t  a t  t he  t ime  o f  most l a t e r  

surveys. This  i s  u n l i k e l y .  The ne t  sho re l i ne  advance between 1875 o r  1885 

and 1934 increased i r r e g u l a r i l y  n o r t h  of A l i s o  Beach (F ig .  21 ) .  The l a r g e s t  

advance ra te ,  about 3 f t / y r ,  was a t  Moro Beach i n  the  nor th .  The s m a l l e s t ,  

about 0.4 f t / y r  was a t  A1 i s o  Beach. 

Only beaches south o f  Main Beach experienced a n e t  sho re l i ne  r e t r e a t  between 

1934 and 1982 (F ig .  20).  The r e t r e a t  was greates t  a t  Dana Strand Beach (about 

50 f t )  and West S t r e e t  Beach (about  60 f t ) .  Maximum shore1 i n e  advance 

occurred a t  Crys ta l  Cove (about 100 f t ) .  Beaches i n  t h e  t~or thwestern  p a r t  o f  

t h i s  reach tended toward more advance i 11 recent  years. Again there  does n o t  

appear t o  be a  r e l a t i o n s h i p  between beach charac ter  and sho re l i ne  b e h a v i o r .  

8 5 
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Figure  21. Shore l ine  change r a t e s  f o r  t he  p e r i o d  1885 t o  1934 (1875 t o  1934 
a t  Pe l i can  Po in t  Beach) on 10 beaches south of t he  entrance t o  
Newport Bay. 
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The most apparent r e l a t i o n s h i p  i s  between sho re l i ne  p o s i t i o n  change and t h e  

alongshore l o c a t i o n  o f  the beach. A l i n e a r  regression ana lys is  o f  t he  

sho re l i ne  p o s i t i o n  data i nd i ca tes  the re  i s  an alongshore g rad ien t  i n  ne t  

s h o r e l i n e  change. Beaches i n  t he  south p a r t  of t he  Laguna Beach compartnent 

have tended toward ne t  r e t r e a t ;  beaches i n  the  n o r t h  have tended toward 

advance. Since some o f  these beaches a r e  c losed o r  nea r l y  c losed systems, the 

measured alongshore grad ien t  i n  shore1 i ne change i s  su rp r i s i ng .  Sediment 

c o n t r i b u t i o n s  f rom streams t o  t h e  beaches does n o t  vary i n  a  cons i s ten t  way 

f rom south t o  nor th.  As shown i n  Table 17, some advancing beaches do n o t  even 

have an upland source of sand. S i m i l a r l y ,  beach o r i e n t a t i o n  and headland 

c h a r a c t e r i s t i c s  do n o t  change i n  a  un i fo rm manner from south t o  nor th.  

Alongshore v a r i a t i o n s  i n  land subsidence o r  up1 i f t  i s  a l s o  no t  the answer. 

Between 1958 and 1976 the  r e l a t i v e  r a t e  o f  sea l e v e l  r i s e  was cons i s tan t  a t  

0.008 f t l y r  i n  t h i s  reach (Orange County Surveyor, 1976). The 49-yr p e r i o d  

f rom 1885 t o  1934 was one i n  which human-caused modi f i ca t ions  t o  the c o a s t a l  

zone were n e g l i g i b l e .  Human e f f e c t s  were n o t  s i g n i f i c a n t  i n  t he  post-1934 

p e r i o d  e i t h e r .  

The progress ive  alongshore change i n  t h e  sho re l i ne  movement r a t e  t h e r e f o r e  

must be e i t h e r  an a r t i f a c t  o f  t h e  survey o r  data ana lys i s  procedure, o r  i t  

must have been caused by an alongshore v a r i a t i o n  i n  wave c h a r a c t e r i s t i c s  o r  

sediment a v a i l a b i l i t y  seaward o f  t h e  shoreface. I f  the 4 o r  5 sho re l i ne  

surveys always began i n  the south o r  no r th ,  and the  surveys requ i red  many days 

o r  weeks t o  complete, storm o r  seasonal changes du r ing  the  survey e f f o r t  cou ld  

p o s s i b l y  produce an alongshore g rad ien t  i n  t he  p o s i t i o n  of the  sho re l i ne .  For 

example, a  survey program begun i n  t h e  south when beaches were narrow i n  the  

sp r ing  cou ld  have reached the  no r the rn  p a r t  o f  the  reach a f t e r  t he  beach t he re  

had widened. This  scenario does n o t  seem l i k e l y  though, because the 



alongshore change t rends  a re  r e l a t i v e l y  c o n s i s t e n t  no m a t t e r  what t i m e  

i n t e r v a l  i s  considered, i .e . ,  1885-1934, 1934-1982 as shown i n  F i g u r e  20. The 

1972 and 1982 s h o r e l i n e  p o s i t i o n s  ob ta i ned  from a e r i a l  photographs were a lmost  

synop t i c  so t he  sou th - t o -no r th  t r e n d  toward g r e a t e r  advance between 1972 and 

1982 cannot be exp la ined  by seasonal a longshore changes i n  these  data.  An 

alongshore v a r i a t i o n  i n  wave c o n d i t i o n s  and/or  t h e  a v a i l a b i l i t y  o f  sediment 

seaward o f  t h e  shoreface seems the  more l i k e l y  e x p l a n a t i o n  of t h e  s h o r e l i n e  

change g r a d i e n t  near Laguna Beach. 

5. Newport L i t t o r a l  C e l l .  Newport L i t t o r a l  C e l l  i s  t h e  sou theas te rn  one-hal f  

o f  what was once the  c o n t i g i o u s  San Pedro L i t t o r a l  C e l l  (F ig .  22).  Be fo re  

1889 the  San Pedro L i t t o r a l  C e l l  extended f r om P o i n t  Fermin t o  Corona Del Mar. 

The n o r t h  h a l f  o f  t h e  C e l l  was l a t e r  g r e a t l y  mod i f ied .  Today c o a s t a l  

processes n o r t h  o f  Anaheim Bay a r e  a lmos t  comple te ly  c o n t r o l l e d  by a r t i f i c i a l  

s t r u c t u r e s .  Waves a r e  b locked  by  t he  Los Angeles-Long Beach Breakwater which 

reduces l i t t o r a l  sediment t r a n s p o r t .  Sand d e l i v e r y  i s  reduced i n  t h e  Los 

Angeles and San Gab r i e l  R i ve rs  as a r e s u l t  o f  sediment impoundment beh ind  

dams. Sediment t r a n s p o r t  capac i t y  i s  reduced i n  t h e  r i v e r s  by f l o o d  f l o w  

r e g u l a t i o n .  J e t t i e s  a t  Anaheim Bay e l i m i n a t e  sand t r a n s p o r t  across the bay 

entrance. From Long Beach t o  P o i n t  Fermin t h e  sandy beaches have been 

rep laced  by harbor  s t r u c t u r e s .  South o f  Long Beach t o  Seal Beach t h e  coas t  

has been segmented by j e t t i e s  and g ro ins .  Beach rep len ishment  p r o j e c t s  

dominate t h e  sand supply  aspect  o f  beach behav io r  i n  t h a t  reg ion .  

Newport L i t t o r a l  C e l l  i s  l o c a t e d  south o f  t h e  ent rance t o  Anaheim Bay 

(F ig .  2 2 ) .  It i s  l e s s  a f f e c t e d  by human i n t e r v e n t i o n  than  t h e  reach  n o r t h  o f  

t h e  en t rance  w i t h  t h e  coas ta l  processes n ~ o s t l y  r espons ib l e  f o r  mo ld ing  t h e  

sho re l i ne .  Newport L i t t o r a l  C e l l  i s  bounded by complete b a r r i e r s  t o  t h e  





longshore t r a n s p o r t  of sand (F ig .  23) .  I t s  southeast  boundary i s  t h e  west 

j e t t y  a t  t h e  ent rance t o  Newport Bay. The e a s t  j e t t y  a t  Anaheim Bay, 15.6 m i  

away, i s  i t s  nor thwest  boundary. The s h o r e l i n e  o f  t h e  Newport L i t t o r a l  C e l l  

i s  n o t  i n  e q u i l i b r i u m .  A t  some l o c a t i o n s  t h e  s h o r e l i n e  i s  advancing, a t  

o t h e r s  i t  i s  r e t r e a t i n g .  

Sho re l i ne  coverage on t he  NOS maps i s  n o t  u n i f o r m  th roughout  t h e  Newport C e l l .  

Only  t h r e e  surveyed s h o r e l i n e s  a r e  a v a i l a b l e  a long  i t s  nor thwes t  reach  (1959, 

1971 and 1982). A l o n g e r  p e r i o d  (1874-1982) w i t h  up t o  f i v e  surveyed 

sho re l i nes  i s  a v a i l a b i e  i n  t h e  southeast .  Table 18 shows t h e  survey dates and 

t h e  average s h o r e l i n e  change r a t e s  between surveys by s h o r e l i n e  m i l e .  

T A B L E  18. Shore l i ne  ~ h a n ~ e s l ,  Newport L i t t o r a l  C e l l  

Shore1 i ne Survey Dates 
Increment,  

k i l e s  Nor th  o f  1874 1874 1926 1959 1971 1959 
US-Mexi co t o  t o  t o  t o t o  t o  

Border  1926 1959 1959 1971 1982 1982 

96.7-97.0 +13.7 -1.05 -2.05 -1.52 
97.0-98.0 t11.5 -6.9 +0.54 -3.34 
98.0-99.0 +3.6 +7.35 +13.2 -7.8 -0.30 -4.21 
99.0-100.0 +1.27 +4.75 +10.2 -11.4 +3.2 -4.42 

100.0-101.0 -0.23 +1.21 +3.45 +4.09 +3.24 +3.36 
101.0-101.8 +2.42 +7.70 +0.50 +4.25 
;O~.C-:@3.0 +3.11 t5 .62  +3.30 +4.51 
103.0-104.0 +2.33 -0.18 +2.93 +1.78 
104.0-105.0 +1.84 -0.10 +1,36 +4.37 
105.0-106.0 +1.71 -6.0 +13.44 +3.3 
In<."  TO7.G -0.99 -5.93 +3.25 -1.54 
107.0-108.0 -0.61 -4.94 +8.52 +1.50 
108.0-109.0 -1.56 +6.98 +2.52 
109.0-110.0 +4.73 +5.24 +4.97 
1lO.C'-,ll.O +5.33 +2.86 +4.15 
111.0-112.0 +14.50 +8.07 t11.42 

112.0-East J e t t y  +5.11 -3.13 +1.17 

laverage s h o r e l i n e  change r a t e  i n  f e e t l y e a r  f o r  survey p e r i o d  shown, 
s h o r e l i n e  changes w i t h i n  p e r i o d  v a r i e d  f r om t h i s  va lue  
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F i g u r e  23. Shore1 i n e  m i l e  d e s i g n a t i o n s ,  Newport b i  t t o r a l  C e l l  ; and s e d i m e n t  
budget f o r  t h e  p e r i o d  1959 t o  1982 o b t a i n e d  us ing  s h o r e l i n e  
p o s i t i o n  d a t a  from NOS maps. 



Table 19. Beach Replenishment, S u r f s i d e  and Sunset Beach 1, 2 ,  3 

Year Placed Volume Placed (106yd3 ) 

Cumulat ive 

Volume i n  106yd3 

1 Corps o f  Engineers records (A.  Fuentes, 1986) 
2 A l l  b e a c h f i l l  p laced  between M i l e  111.0 and M I l e  112.3 
3 Beach g r e a t l y  widened between 1945 and 1984 southeast  o f  M i l e  112.0 

a. Sources o f  Sand. The f o u r  main sources o f  sand reach ing  t h e  Newport 

L i t t o r a l  C e l l  s i nce  1874, have been: 

( 1 )  Beach rep len ishment  a t  S u r f s i d e  and Sunset Beach ( M i l e  111 t o  

M i l e  112.3). About 12.4 x 106 yd3 was p laced  s i n c e  1945 (Tab le  19) ,  most  of 

i t  a t  S u r f s i d e  ( M i l e  112 t o  112.3). About 7.9 x 106 yd3 were p l aced  i n  t h e  

p e r i o d  covered by s h o r e l i n e  surveys f r om 1959 t o  1982. T h i s  i s  an average 

placement r a t e  o f  3.4 x 105 yd3/yr.  

( 2 )  Beach rep len ishment  a t  West Newport Beach ( M i l e  99.6 t o  M i l e  

101.3). About 1.3 x 106 yd3 was p laced  between 1959 and 1982, or an average 

5.6 u 104 yd3/yr (Tab le  20).  

(3 )  Beach Replenishment a l ong  Balboa Peninsula ( M i l e  96.7 t o  Mile 

99.6). About 7 x 106 yd3 was p laced  on t h e  beach between 1919 and 1935 and 

about 6.3 x 106 yd3 was p laced  between t h e  s h o r e l i n e  survey years  of 1926 and 

1959. Th i s  i s  an average 1.9 x 105 yd3 /y r  (Tab le  20) f o r  t h a t  survey pe r i od .  



Table 20. Beach Replenishment, Newport ~ e a c h l  

Year Placed Vol ume Placed ( 106vd3 \ 

1.22 

unknown, probably 0.1 

1.45 

4.28 

0.255 

0.184 

0.572 

0,272 

Locat ion 
( sho re l i ne  mi1e)Z 

1919-1973 To ta l  = 8 . 3 3 ~ 1 0 6 ~ d 3  96.7-100.8 

'from Shaw (1980) 

' ~ e w ~ o r t  P i e r  and Newport Submarine Canyon a t  M i l e  99.6 

( 4 )  Coarse sediment discharge a t  the  Santa Ana R ive r  o u t l e t  ( M i l e  

101.8). Brownl ie  and Tay lor  (1981) est imate 1.8 x 105 yd3 are  annual ly  

discharged under p resent  cond i t ions .  Year ly  f l u c t u a t i o n s  about t h i s  average 

a r e  great .  For example, Brownl ie  and Tay lo r  assumed 4 x 106 yd3 were c a r r i e d  

t o  the  ocean i n  1969. K r o l l  (1975) est imated the  mean annual coarse-sediment 

discharge fo r  1941 through 1971 a t  1.9 x 105 yd3/yr. 

Net volume changes, AV/ at, i n  t h e  c e l l  a re  g iven i n  Table 21. They were 

approximated us ing  Equation 1 w i t h  4 S /  nt from Table 18, hs assumed t o  be 45 

ft (35 ft below FIHW; 10 ft above MHW), and 1 as g iven by compartment i n  Table 

l f r o m  Shaw (1980) 

2 ~ e w ~ o r t  P i e r  and Newport Submarine Canyon a t  M i l e  99.6 



18. An a d d i t i o n  or  l oss  o f  8,800 yd3 of sediment i s  assumed t o  accompany, 

respec t i ve l y ,  a n e t  1-ft advance o r  1 - f t  r e t r e a t  o f  the  s h o r e l i n e  i n  a  1 -m i  

1  ong compartment. 

Using the  V/ t data i n  Table 2 1  the  longshore t ranspor t  g r a d i e n t  i n  the 

c e l l  can be approximated us ing  t h e  1874 t o  1959 data s e t  f rom M i l e  108 

downdr i t t  t o  M i l e  96.7. The grad ien t  on Newport S p i t  can be approximated from 

M i l e  101 downdri f t  t o  M i l e  96.7 f o r  t he  1926 t o  1959 per iod .  The g r a d i e n t  f o r  

t he  e n t i r e  c e l l  can be approximated f o r  t he  1959 t o  1982 per iod.  

Data ,g iven i n  Table 21 are  based on the  assumption t h a t  t he  s h o r e l i n e  was a t  

i t s  seasonal mean p o s i t i o n .  Considering t h e  complete data s e t  a v a i l a b l e  

between 1959 and 1982, the  maximum expected e r r o r  i n  sediment volume f o r  1-mi 

long  compartment i s  - t1.1 x 104 yd3/yr-rni. This  i s  equal t o  a  p r a c t i c a l  

unce r ta in t y  o f  + - 30 ft. 

b. Causes o f  Shore l ine  Change. Shore l ine  p o s i t i o n  changes shown on the 

NOS maps can be exp la ined i n  a semi -quant i ta t i ve  way when the  n e t  sand 

c o n t r i b u t i o n s  and losses are  considered. Use o f  t he  seven compartments shown 

i n  F igure 23 s i m p l i f i e s  t h a t  task. Coastal processes i n  each o f  t h e  

~ompartrnents p lays a r o l e  i n  sho re l i ne  behavior  elsewhere i n  t he  c e l l ,  and i n  

the determinat ion o f  t h e  o v e r a l l  p lan  shape o f  the sho re l i ne  o f  the c e l l .  The 

behavior  of  the shore l ine ,  and the consequences of modifying t h a t  behav ior  a t  

m e  l o c a t i o n  i n  the  c e l l ,  cannot be f u l l y  understood unless cond i t i ons  

throughout the c e l l  a re  understood. 



TABLE 21. Sediment Volume Changes, Newport L i t t o r a l  Cell 1, 2 

Shore1 i ne M i  1 e, Survey I n t e r v a l  
Nor th  o f  US- 1874- 1926- 1959- 1959- 1971 - 
Mexico Border 1959 1959 1971 1982 1982 

Tota l  

' i n  104 yd3/yr; p o s i t i v e  = sediment gain,  negat ive  = sediment l o s s  

'obtained from sho re l i ne  change r a t e s  l i s t e d  i n  Table 18. 



( 1 )  S u r f s i d e  Feeder Reach ( M i l e  112.0 t o  M i l e  112.3). Between 1959 

and 198'2 an average 3.4 x lo5 yd3/yr o f  b e a c h f i l l  was a r t i f i c i a l l y  p l aced  on 

t h i s  reach (Table 19). I n  t h a t  t ime  span t h e  s h o r e l i n e  f l u c t u a t e d  g r e a t l y  

about a  f i x e d  mean l o c a t i o n ,  b u t  t h e  beach volume remained cons tan t  i n d i c a t i n g  

b e a c h f i l l  was c a r r i e d  away a t  the  same l ong - te rm  r a t e  a t  which i t  was p laced.  

The a p p r o p r i a t e  nour ishment r a t e  was t h e r e f o r e  employed t o  m a i n t a i n  t h e  

s h o r e l i ~ l e  a t  Su r f s i de .  Most o f  t he  b e a c h f i l l  was l i k e l y  c a r r i e d  t o  t h e  e a s t  

a t  a n e t  longshore sediment t r a n s p o r t  r a t e  o f  3.4 x 105 yd3/yr .  Th is  assumes 

o f f sho re  t r a n s p o r t  was n e g l i g i b l e  which i s  n o t  n e c e s s a r i l y  t h e  case. The 

o f f s h o r e  l o s s  r a t e ,  i f  any, i s  unknown. 

Wave r e f l e c t i o n  f rom t h e  e a s t  Anaheim Bay j e t t y  inc reased  t h e  n e t  longshore  

sediment t r a n s p o r t  r a t e  a t  Sur fs idb .  About t h i r t y  pe rcen t  more b e a c h f i l l  was 

apparen t l y  r e q u i r e d  t o  ma in ta i n  a s t a b l e  s h o r e l i n e  a t  S u r f s i d e  than  would be 

r e q u i r e d  i f  t h e  longshore component o f  wave energy was n o t  enhanced by r e -  

f l e c t e d  waves. Wi thout  t h e  r e f l e c t i v e  i n f l u e n c e  o f  t h e  j e t t y ,  t h e  n a t u r a l  

longshore t r a n s p o r t  r a t e  a t  S u r f s i d e  would p robab l y  be c l o s e  t o  t h e  2.4 x 105 

yd3/yr-south i t  was a t  Sunset Beach (see below).  An average annual sav ings  of 

about 1 x 105 yd3 cou ld  be r e a l i z e d  i f  j e t t y  r e f l e c t i o n s  were comple te ly  

e l im ina ted .  

( 2 )  Northwest Sunset Beach ( M i l e  111 t o  M i l e  112).  Th i s  reach  

acc re ted  a t  an average annual r a t e  o f  1 x 105 yd3. Sho re l i ne  advance averaged 

11 f t l y r  (Table 18) .  O f  t h e  3.4 x 105 yd3/yr t h a t  en te red  t h e  Sunset Beach 

reach fro171 Sur fs ide  on l y  2.4 x 105 ~ d 3 / ~ r  was t r a n s p o r t e d  o u t  a t  t he  sou th  

end. Th i s  suggests t h e  e n t e r i n g  n e t  longshore sediment t r a n s p o r t  r a t e  of  2.4 

x l o5  y ~ i 3 / ~ r ,  w i t h o u t  enhancement f r om wave r e f l e c t i o n  o f f  t h e  e a s t  Anaheim 

Bay j e t t y ,  would s u f f i c e  t o  ma in ta i n  a s t a b l e  (non-advancing) beach a t  Sunset. 



The 2.4 x  105 yd3 / y r  n e t  longshore sediment t r a n s p o r t  r a t e  a t  M i l e  111, 

a l though approaching i t s  " n a t u r a l "  average f o r  t h a t  l o c a t i o n ,  appears t o  be  

s t i l l  a f f e c t e d  by t h e  s hdowing e f f e c t  of t h e  Los Angeles - Long Beach H a r b o r  

breakwater  (F i g .  22).  

Sunset Beach i s  who l l y  dependent upon t h e  b e a c h f i l l  p l aced  a t  Sur fs ide  f o r  i t s  

ex is tence .  If t h e  beach nour ishment program was t e rm ina ted  an average 25 t o  

30 f t / y r  r e t r e a t  of  t h e  s h o r e l i n e  c o u l d  be expected. A hook-shaped s h o r e l i n e  

would e v o l v e  downcoast of t h e  Anaheim Bay j e t t i e s .  Unless t h e  s h o r e l i n e  w a s  

s t a b i l i z e d  t h e  e v o l u t i o n  o f  t h e  hooked bay would n o t  end u n t i l  t h e  s h o r e l  i n e  

had r e t r e a t e d  w e l l  p a s t  t he  p resen t  l i n e  o f  houses f a c i n g  t h e  ocean. 

( 3 )  Bolsa Chica Reach ( M i l e  108 t o  M i l e  111).  T h i s  reach i s  a r e l a -  

t i v e l y  narrow b a r r i e r  t h a t  borders  t h e  Bo lsa  Chica wet lands.  Between 1959 and 

1982, t h e  sho re l  i n e  a t  Bol  sa Chica advanced an average 4 f t  p e r  yea r  ( F i g .  3 ) .  

The n e t  longshore sediment t r a n s p o r t  r a t e  appears t o  d e c l i n e  t o  t h e  s o u t h e a s t  

a t  Bolsa Chica (F ig .  23) w i t h  t h e  r e d u c t i o n  from about 2.4 x 105 ~ 1 d 3 / y r  a t  

M i l e  111 t o  about 1.5 x 105 yd3/yr  a t  M i l e  108. About 0.9 x 105 yd3 o f  beach-  

f i l l  p laced  on t h e  beach a t  S u r f s i d e  was a n n u a l l y  depos i t ed  a t  Bolsa Ch i ca .  

Th i s  t r a n s l a t e s  t o  an average o f  between 5 and 6 yd3 o f  b e a c h f i l l  d e p o s i t e d  

f r om n o r t h  t o  south a long  each l i n e a l  f o o t  o f  Bolsa Chica shore each y e a r .  

( 4 )  Hunt ing ton  C l  i f f s  ( M i l e  106 t o  M i l e  108). Th i s  reach, w h i c h  

p r o j e c t s  s l  i g h t l y  seaward o f  t h e  genera l  t r e n d  o f  t h e  sho re l  i n e  (F ig .  24 )  , 

exper ienced o n l y  a  s l i g h t  sho re l  i n e  r e t r e a t  s i nce  1374. The r e t r e a t  ( T a b l e  

21)  was g r e a t e s t  where t h e  s e a c l i f f s  were a c t i v e l y  eroded ( M i l e  106 t o  M i l e  

107.5). Between 1874 and 1959 t h e  n e t  l o s s  averaged about  12 x 103 yd3/yr .  

I n  the  beach nour ishment p e r i o d  f o l l o w i n g  1959 (Tab le  19)  t h e  n e t  l o s s  

averaged 1 x 103 yd3 /y r ,  p o s s i b l y  because o f  t h e  nour ishment,  b u t  a l s o  because 



the  s e a c l i f f s  between M i l e  107.0 and M i l e  107.5 had been p ro tec ted  by  a 

revetrnen t. 

Between 1959 and 1982 the  n e t  longshore t r a n s p o r t  r a t e  a t  M i l e  106 averaged 

(\bout 1.5 x l o5  yd3/yr-southeast.  Beachfi 11 was no t  deposi ted there.  The n e t  

lungshore sediment t r a n s p o r t  r a t e  a long the  Huntington C l i f f  reach d i d  n o t  

i . 1 ~ ~  I r l  ilrl alongshore d i r e c t i o n  and was probably near t he  " n a t u r a l " ,  o r  pre-  

development r a t e  i n  t he  1 i t t o r a l  c e l l .  

Today, as shown i n  F igure  24, the Hunt ington C l i f f s  a re  t h e  o n l y  high-ground 

reg ion  i n  the  c e l l  d i r e c t l y  exposed t o  ocean wave a c t i v i t y .  Some o f  the  

alongshore sediment t r a n s p o r t  g rad ien t  i n  t h e  Bolsa Chica reach i s  probably 

c o n t r o l l e d  by the  p r o t r u d i n g  sho re l i ne  o f  t he  Hunt ington C l i f f s .  I n  recent  

geologic  t ime most o f  t he  coast  o f  southern C a l i f o r n i a  has experienced a n e t  

I -et reat  as sea l e v e l  has r i sen .  Landforms such as  the  Hunt ington C l i f f s  

d p p d t . e ~ ~ ~ i y  have eroded a t  a l esse r  r a t e  than n e i  yhboring, l o w - l y i n g  

f loodp la ins .  The s e a c l i f f s  a re  t h e  seaward edge o f  one o f  s i x  high-ground 

regions separat ing f o u r  p r e - h i s t o r i c  o u t l e t s  and the present  o u t l e t  o f  the  

Santa Aria R iver  ( F i g .  24).  

The l a c a t i o n  o f  Hunt ington C l i f f s  i n  the  middle o f  the  Newport C e l l  suggest 

they are a c t i n g  i n  concer t  w i t h  the  eas t  j e t t y  a t  Anaheim Bay and t h e  

H u n t i r g t ~ n  Beach P i e r  or t he  Santa Ana R ive r  j e t t y  t o  f i x  t h e  s h o r e l i n e  

o r i e n t a t i o n  o f  the  c e l l  northwest o f  Balboa Peninsula. The s e a c l i f f s  a re  

there fore  a most important  c o n t r o l  on the  p lan  shape of t h e  s h o r e l i n e  i n  t he  

c e l l .  Without the s e a c l i f f s  the  c e l l  sho re l i ne  would probably t r e n d  toward an 

embayed shape ins tead o f  i t s  convex shape. Should e f f o r t s  be made t o  

s t a t (  r:'e o r  advance the  sho re l i ne  a t  Hunt ington C l i f f s ,  those e f f o r t s  w i l l  

' . ; k r Q a v e  major p o s i t i v e  i m p l i c a t i o n s  elsewhere i n  t h e  c e l l .  

100 
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Figure  24. H i s t o r i c  f l o o d p l a i n  o u t l e t s  (gaps) o f  Santa Ana R i v e r  showing  
apparent major c o n t r o l  o f  Hunt ington S e a c l i f f s  on t h e  convex- 
seaward shape of  t he  s h o r e l i n e  i n  the Newport L i t t o r a l  Cell. 



( 5 )  Huntington Beach ( M i l e  101 t o  M i l e  106). This  reach has been 

g r e a t l y  a f f e c t e d  by human in te rven t i ons .  I n  1874 the  sho re l i ne  was near  t he  

s e a c l i f f s  from M i l e  104.7 t o  M i l e  106. Since then two coasta l  s t r u c t u r e s  have 

created cond i t i ons  conducive t o  sand depos i t i on  (Table 22) .  The Hunt ington 

Beach P i e r  a t  M i l e  105.1 ac ts  as a permeable g r o i n .  I t  i s  1950- f t  l ong  and 

2 5 - f t  wide w i t h  3-24 i nch  diameter p i l e s  8 - f t  apa r t  per  bent  on a  2 2 - f t  bent  

spacing. Wave energy d i ss ipa ted  on the  p i l e s  reduces the  longshore c u r r e n t  

speed and the  sediment-mobi l iz ing capac i ty  o f  t he  waves landward of t h e  

breakers. The longshore movement o f  sediment i s  consequently reduced a t  and 

immediately downdr i f t  o f  the  p i e r .  Fo l l ow ing  p i e r  cons t ruc t i on  e a r l y  i n  t h i s  

century the sho re l i ne  and shoreface near t he  p i e r  advanced seaward. Th i s  was 

the on l y  open-ocean p i e r  between the  US-Mexico border  and P t .  Fermin t h a t  had 

a  major e f f e c t  on sho re l i ne  p o s i t i o n .  The ne t  longshore sediment t r a n s p o r t  

r a t e  a t  the  p i e r  p r i o r  t o  i t s  cons t ruc t i on  was probably near 1.5 x 105 yd3/yr- 

southeast, s i m i l a r  t o  the  r a t e  a t  the  u p d r i f t  s e a c l i f f s  reach between 1959 and 

1982. 

J e t t i e s  a t  the  Santa Ana R ive r  o u t l e t  ( M i l e  102.2) a l s o  had a major e f f e c t  on 

sho re l i ne  behavior  i n  t h i s  reach. They acted t o  c o n t a i n  sand moving i n  a  

southeaster ly  d i r e c t i o n .  Shore l ine  advance i n  t h e  2.9-mi l ong  reach between 

the p i e r  and the northwest j e t t y  was nea r l y  constant  a f t e r  1959, t h e  da te  of 

the  f i r s t  survey a f t e r  both the  p i e r  and j e t t i e s  were constructed. The 

northwest j e t t y  h e l d  the  sho re l i ne  a t  the downdr i f t  end o f  the Hunt ington 

Beach reach; depos i t i on  a t  the  p i e r  c o n t r o l l e d  i t  a t  the  n o r t h  end. 

The two s t ruc tu res  appear t o  have acted i n  harmony t o  advance the  shore l ine .  

Ne i ther  s t r u c t u r e  was designed f o r  sho re l i ne  s t a b i l i z a t i o n  purposes, b u t  much 

cou ld  be learned about t he  func t i ona l  behavior  of s t r u c t u r e s  by s tudy ing  them 



Table 22. Apparent E f f e c t s  o f  S t ruc tures  i n  Newport L i t t o r a l  C e l l  

STRUCTURE SHORELINE NILE  

West J e t t y ,  Entrance 96.7 
t o  Newport Bay 

West Newport Groins 

J e t t i e s ,  Santa Ana 
R i v e r  Entrance 

Hunt ington Beach P i e r  105 

Beach Nourishment, 
Feeder Source a t  
Sur f  s i de  

East J e t t y ,  Anaheim 
Bay 

APPARENT EFFECT 

Prevents sedimentat ion 
problems i n  Newport Bay 
channel poss ib l y  d e f l e c t s  
7 x 1 0 ~ ~ d 3  o f  1  i t t o r a l  sand 
offshore annual ly .  

S t a b i l i z e  t h e  West Newport 
shorel  ine, poss ib l y  d e f l e c t  
1.4~105 yd3 o f  l i t t o r a l  sand 
o f fshore  annual ly .  

Ma in ta in  the  Tal b e r t  Channel 
entrance and a c t  t o  s t a b i l i z e  
northwest beaches p o s s i b l y  as 
f a r  away as M i l e  101. 

Appears t o  a c t  as a  permeable 
g r o i n  causing t h e  l o c a l  
sho re l i ne  t o  advance. 

112 t o  112.7 Annual a r t i f i c i a l  a d d i t i o n  o f  
3.4 x 10syd3 o f  sand p roduc ing  
shorel  i n e  advance as f a r  
downcoast as t h e  Santa Ana 
River .  

Wave r e f l e c t i o n  increases 
longshore sand l o s s  a t  
Sur fs ide  by an average 
1 x 1 0 5 ~ d 3 / ~ r .  

as a system, The u p d r i f t  s t r u c t u r e  i s  permeable. I t  holds some o f  t he  sand 

t h a t  reaches it, b u t  a l lows the  r e s t  t o  move downcoast toward the  r e l a t i v e l y  

s h o r t  impermeable downdr i f t  j e t t y .  The j e t t y  a l l ows  sand t rdnspor ted  p a r a l l e l  

t o  shore t o  pass seaward o f  i t .  Together the  p i e r - j e t t y  system con ta ins  a 

n e a r l y - s t r a i g h t  beach. 

Between 1874 and 1959 an average of about 0.9 x 105 yd3/yr  was depos i ted  i n  

t he  5-mi long Hunt ington Beach reach. Depos i t ion  probably increased a f t e r  t he  

p i e r  and j e t t y  were constructed e a r l y  i n  t h e  20th Century. From 1959 t o  1982 

the  depos i t i on  r a t e  was 1.4 x 105 yd3/yr. Considering the  n e t  1.5 x 105 



yd3/y r  t h a t ,  on average, entered t h i s  reach between 1959 and 1982 a t  M i l e  

106, t he  p o r t i o n  of t h a t  amount t h a t  cont inued through the  reach was o n l y  

about 0.1 x  lo5 yd3/yr-southeast a t  M i l e  101. This  volume i s  w i t h i n  the  

unce r ta in t y  range of t he  sediment budget methodology used. 

I t  appears t h a t  almost a11 o f  the b e a c h f i l l  p laced a t  Su r f s ide  i s  deposi ted 

between M i l e  112 t o  lblile 102 and does no t  reach West Newport and Balboa 

Peninsula. This has some important  imp l i ca t i ons .  I f  c o r r e c t ,  t he  Santa Ana 

R iver  i s  t he  pr imary na tu ra l  source o f  sand f o r  the  beaches a t  West Newport 

(and poss ib l y  beyond). Should the Santa Ana R ive r  source of  sand be 

cornpromi sed , West Newport cou ld  fee l  the  ef fect .  

( 6 )  West Newport ( M i l e  101 t o  M i l e  99.6). Since a t  l e a s t  1920 the  

pr imary source o f  sand reaching West Newport has been the  Santa Ana R iver .  

Newport Submarine Canyon i s  the  pr imary c o n t r o l  on sho re l i ne  o r i e n t a t i o n  a t  

West Newport. Sand c a r r i e d  t o  t h e  southeast end o f  West Newport has 

h i s t o r i c a l l y  passed t o  Balboa Peninsula o r  i n t o  Newport Submarine Canyon, the  

p o r t i a n  going t o  each dependent l a r g e l y  upon beach width.  Except d u r i n g  major 

f loods ,  the  sediment i n  the  Santa Ana R ive r  was c a r r i e d  i n t o  Lower Newport Bay 

be fore  the  r i v e r  entrance j e t t i e s  were cons t ruc ted  i n  1920. Major  f loods  t h a t  

occurred i n  the  wet per iods  o f  1884-1891 and 1914-1916 very l i k e l y  d ischarged 

d i r e c t l y  t o  the ocean near M i l e  102, t h e  present  entrance l o c a t i o n .  

Because the shorel i r le  a t  West Newport has a  more souther ly  o r i e n t a t i o n ,  the  

p s t e n t i a l  longshore t ranspor t  capac i ty  t he re  i s  probably l e s s  than i t  i s  a t  

Huntington Beach. A l a r g e  d e l t a  created du r ing  a  major f lood,  such as the  

1969 f l ood ,  however, w i l l  degrade a t  a r a t e  somewhat exceeding t h a t  p o t e n t i a l  

ra te .  Waves w i l l  break on the d e l t a  a t  a  g rea te r  angle w i t h  respect  t o  t h e  



shore than if the  d e l t a  were absent and longshore t r a n s p o r t  w i l l  be increased 

u n t i l  t h e  d e l t a  i s  gone. No d e l t a  o f  apprec iab le  s i z e  e x i s t s  o f f  t h e  Santa 

Ana R iver  o u t l e t  today. Some o r  much o f  t h e  d e l t a i c  sediment volume produced 

by pas t  ma jor  f l o o d s  was l i k e l y  c a r r i e d  r a p i d l y  i n t o  Newport Submarine Canyon. 

From 1874 t o  1926 t he  sho re l i ne  a t  West Newport was s tab le .  Sediment reached 

i t  from t h e  northwest.  Most probably moved through West Newport t o  Balboa 

Peninsula and, sometimes, i n t o  Newport Submarine Canyon. The pe r iod  1926 t o  

1959 was one o f  growth f o r  West Newport. I t  gained an average 6 x 104 

~ d 3 / ~ r ,  p r i m a r i l y  i n  t he  reg ion  near t he  head o f  Newport Submarine Canyon, 

Most o f  t h a t  m a t e r i a l  came f rom beach replenishment on Balboa S p i t  (Table 20).  

S i x  g ro ins  were constructed a t  West Newport i n  1968 (Table 22) and between 

1965 and 1970, about 1 x 106 yd3 of sand were p laced on the  beach a t  West 

Newport. Sand o f  t he  b e a c h f i l l  came ( a r t i f i c i a l l y )  f rom the  Santa Ana R ive r  

channel. S t i l l ,  an average 4 x 103 yd3/y r  was l o s t  between 1959 and 1971. 

When the  a r t i f i c i a l l y - p l a c e d  b e a c h f i l l  i s  removed from cons idera t ion ,  the  

average t o t a l  ne t  l o s s  r a t e  was 0.9 x lo5 ~ ! d ~ / y r .  A p a r t  o f  t h a t  l o s s  may 

have been f i n e  s izes  winnowed when the b e a c h f i l l  was reworked. From 1971 t o  

1982 West Newport experienced a s l i g h t  n e t  sediment l o s s  (about 1 x 104 

~ d 3 / ~ r ) .  Two g r o i n s  were cons t ruc ted  i n  1973 and 2.72 x 105 yd3 o f  sand were 

c o i n c i d e n t a l l y  p laced on the  beaches. 

The sand volume t h a t  entered and l e f t  West Newport i s  d i f f i c u l t  t o  q u a n t i f y .  

Losses t o  Newport Submarine Canyon before 1959 were probably s i g n i f i c a n t  a f t e r  

major i n f l u x e s  o f  sand reached the  shore adjacent  t o  the canyon, e i t h e r  from 

the Santa Ana R ive r  o r  froni nearby beach replenishment p r o j e c t s .  A f t e r  1959 

t he  canyon was n o t  as a c t i v e  a s ink  f o r  l i t t o r a l  sand. From 1959 u n t i l  1968 



t h e r e  were no major  f l oods  i n  t h e  r i v e r .  A f t e r  1968, and e s p e c i a l l y  a f t e r  t h e  

f l o o d  o f  1969, l a r g e  s l ugs  of  sand t h a t  moved toward t h e  canyon may have been 

de f l ec ted  o f fshore  a t  t h e  g ro ins .  The sand c o n t r i b u t i o n  f r om t h e  Santa Ana 

R i v e r  p robab ly  averaged between 1 and 2 x 105 y d 3 / y r  based on c o n t i n u i t y  

cons idera t ions .  The n e t  longshore t r a n s p o r t  r a t e  i s  assumed t o  be 1.3 x 105 

yd3/yr  ( F i g .  23 and 2 5 ) ,  which i s  toward t h e  l owe r  end o f  t h e  average r i v e r -  

c o n t r i b u t i o n  range. A d e t a i l e d  a n a l y s i s  o f  c o n d i t i o n s  a t  Balboa Peninsula i s  

needed before a b e t t e r  es t ima te  o f  t h e  n e t  longshore t r a n s p o r t  r a t e  a t  West 

Newport can be made. 

( 7 )  Balboa Peninsula ( M i l e  99.6 t o  96.7). Between 1874 and 1926 

t h i s  mos t l y  undeveloped reach was s l i g h t l y  a c c r e t i o n a l  (about  3 t o  4 x 104 

~ d 3 / ~ r ) ,  even when b e a c h f i l l  (Table 20)  i s  cons idered  as an a d d i t i o n .  P r i o r  

t o  1918 when c o n s t r u c t i o n  o f  t he  west j e t t y  began, sand moved a longshore t o  

t h e  eas t  end o f  t he  s p i t  and i n t o  Lower Newport Bay. The volume t h a t  moved 

i n t o  t he  bay before 1918 i s  unknown. C l e a r l y ,  though t h e  n e t  longshore  

t r a n s p o r t  r a t e  was g r e a t e r  than  the  3 o r  4 x 104 yd3/yr -southeast  suggested by  

t h e  a c c r e t i o n  r a t e  on t h e  ocean s i d e  o f  t h e  s p i t .  

Between 1926 and 1959 t he  a c c r e t i o n  r a t e  on Balboa Peninsula averaged 2.5 x 

105 yd3 annua l l y .  Cons ider ing  t he  6 x 106 yd3 t h a t  was a r t i f i c i a l l y  added 

when Lower Newport Bay was dredged, an average 6 x 104 yd3 ( o r  more) was 

n a t u r a l l y  t r a n s p o r t e d  i n t o  t h i s  compartment f rom West Newport. Th i s  n e t  

longshore sediment t r a n s p o r t  es t ima te  may be low because some o f  t h e  m a t e r i a l  

moving f rom West Newport may have been l o s t  t o  Newport Submarine Canyon. 

The annual average l o s s  i n  t h e  23-yr l ong  p e r i o d  between 1959 and 1982 was 

about 0.7 x lo5  yd3/yr.  Very l i t t l e  was l o s t  t o  Newport Submarine Canyon. 



Apparent ly most o f  t he  l o s t  volurile was deposited o f fshore  t h e  West Jct ty of 

Newport Bay. A f t e r  1968 i t  i s  poss ib le  on l y  a smal l  volume o f  sand passed t o  

Balboa Peninsula because i t  was trapped and d e f l e c t e d  o f f sho re  a t  the  newly-  

cons t ruc ted  West Newport g r o i n  f i e l d .  F e l i x  and Gorsl i n e  (1971) suggested 

such t r a n s p o r t  based on a la rge ,  t h i n  sand depos i t  they found seaward o f  t he  

gro ins .  

Sediment t r a n s p o r t  r a t e s  and t r a n s p o r t  paths a t  West Newport a re  the l e a s t  

w e l l  known i n  t h e  l i t t o r a l  c e l l .  Yet, they are  very important .  If sand i s  

be ing  d e f l e c t e d  o f f sho re  by t h e  g r o i n s  and none i s  passing t o  Balboa 

Peninsula, t he  est imated 7 x  lo4 yd3/yr l oss  o f  sand from Balboa S p i t  

c a l c u l a t e d  us ing  the  NOS map shore l ines  w i l l  cont inue. Even the  wide beach 

t h a t  e x i s t s  today, thanks t o  beach replenishment i n  the  e a r l y  p a r t  o f  t h i s  

century,  w i l l  n o t  l a s t  forever .  An average 2 t o  3 f t / y r  r e t r e a t  can be 

expected and w i t h i n  a few generat ions the  ef fects w i l l  be very  n o t i c a b l e .  The 

s o l u t i o n  may n o t  be massive beach replenishment programs, e i t h e r  a t  o r  

downcoast o f  West Newport. A huge over load on t h e  l i t t o r a l  system c o u l d  rnove 

s i g n i f i c a n t  q u a n t i t i e s  o f  t h e  b e a c h f i l l  i n t o  t h e  head o f  Newport Submarine 

Canyon thereby reducing i t s  e f fec t iveness .  As a beach widens landward of  a 

canyon head the  p o t e n t i a l  f o r  l i t t o r a l  sand losses t o  the  canyon i n c r e a s e  

because o f  an increase i n  s lope f rom the l i t t o r a l  zone t o  the  canyan head.  

c. H i s t o r i c  Longshore Sediment l r a n s p o r t  Rates. Est imates o f  p o t e n t i a l  

n e t  longshore sediment t r a n s p o r t  r a t e s  based on wave r e f r a c t i o n  ana lyses ,  and 

n e t  longshore t ranspor t  r a t e  est imates based on the  sedin~ent budget approach 

described here y i e l d  s i m i l a r  r e s u l t s .  Estimates of  p o t e n t i a l  ne t  l ongshore  

sediment t ranspor t  ra tes  i n  the  c e l l  have been made by var ious  i n v e s t i g a t o r s .  

Most of t h e i r  methods invo lved a wave r e f r a c t i o n  ana lys i s  and c a l c u l a t i o n s  



t h a t  r e l a t e  the  longshore conlponent of wave energy f l u x  t o  sedinient t ranspor t .  

As shown i n  Table 23, the  c a l c u l a t e d  p o t e n t i a l  n e t  longshore sediment 

t r a n s p o r t  ra tes  va r ied  from 1.75 t o  2.82 x lo5 yd3/yr-southeast near  Su r f s ide  

and Sunset Beach ( M i l e  111 t o  M i l e  112.3). Wave r e f r a c t i o n  analyses by Hales 

(1980) i n d i c a t e  the net  p o t e n t i a l  r a t e  decreases t o  about one-hal f  t h a t  a t  the  

Santa Ana R iver  n~outh. 

TABLE 23. Po ten t i a l  Net Longshore Sediment Transport  Rates, 
San Pedro L i t t o r a l  cel l1  

Shore1 i n e  Mi le ,  
Nor th  o f  US- Longshore Trans o r t  
Mexico Border Rate, i n  105 ydg/yr Reference Method 

about 125 1.17-east Inman and wave r e f r a c t i o n  
Frantschy ana lys i s  assuming 
(1960) n a t u r a l  c o n d i t i o n s  

Irnod'if ied from Inman e t  a1 (1986) 

Seymour and wave a r r a y  
Cast le  (1984) 

Cal dwe l l  beach p r o f  i 1 e 
(1956) ana lys i s  

Marine Advisors wave r e f r a c t i o n  
( 1965 ) 

Hales (1980) wave r e f r a c t i o n  

I n g l e  (1966) averaged t r a c e r  

Hales (1980) wave r e f r a c t i o n  

Hales (1980) wave r e f r a c t i o n  

House Document dredged m a t e r i a l  
No. 637 (1940) movement 

Two values obta ined f rom the  contemporary sediment budget a re  use fu l  i n  

e s t a b l i s h i n g  the pre-development sediment budget f o r  the Newport l i t t o r a l  c e l l  

and  t h e  h i s t o r i c  n e t  longshore sediment t r a n s p o r t  rates.  The n e t  longshore 

108 



sediment t r a n s p o r t  r a t e  a t  Hunt ing ton  C l i f f s ,  es t ima ted  us ing  the  c o n t i n u i t y  

approach ( F i g .  2 3 ) ,  i s  1.5 x 105 yd3/yr - southeast .  Th i s  i s  a p p r o x i m a t e l y  

equal t o  t h e  average p o t e n t i a l  annual capac i t y  o f  waves t o  c a r r y  l i t t o r a l  sand 

t o  t h e  sou theas t  as ob ta ined  i n  a  wave r e f r a c t i o n  a n a l y s i s  (Hales, 1980). 

Longshore t r a n s p o r t  a t  t h e  seaward-prot rud ing s e a c l i f f  reach i s  n o t  

s i g n i f i c a n t l y  a f f e c t e d  by present-day u p d r i f t  ( o r  d o w n d r i f t )  human 

m o d i f i c a t i o n s  t o  t h e  c e l l  such as p o s s i b l e  r educ t i ons  o r  changes i n  l o c a t i o n  

o f  r i v e r  d ischarge,  t h e  Los Angeles - Long Beach Harbor  breakwaters,  t h e  

j e t t i e s  a t  Anaheim Bay, t he  r a t e  a t  which b e a c h f i l l  i s  p laced  a t  S u r f s i d e ,  and 

e f f e c t s  o f  t h e  Hunt ing ton  Beach p i e r  and Santa Ana R i v e r  j e t t i e s .  Inman and 

Frautschy (1960; i n  Inman e t  a l ,  1986) es t ima te  t h e  n a t u r a l  n e t  p o t e n t i a l  

longshore sediment t r a n s p o r t  r a t e  west of  S u r f s i d e  t o  have been about 1.2 x 

105 yd3 /y r  p r i o r  t o  any human e f f e c t s  t h a t  cou ld  have mod i f ied  i t. T h i s  

suggests t h e  h i g h e r  1959-1982 r a t e s  i n  t h e  Sur fs ide  th rough Bolsa Chica reach  

a r e  a r t i f a c t s  of  r e c e n t  human i n t e r v e n t i o n s .  

Sho re l i ne  p o s i t i o n  under normal c o n d i t i o n s  p robab ly  v a r i e d  much more t h a n  a t  

p resen t  as p a s t  sand d e l i v e r y  by r i v e r s  f l u c t u a t e d  between wet and d r y  

per iods .  I n  wet pe r i ods  when r i v e r  d ischarge  exceeded approx imate ly  1.0 t o  

1.5 x  105 y d 3 / y r  t h e  1  ongshore t r a n s p o r t  c a p a c i t y  'would n o t  have been 

s u f f i c i e n t  t o  c a r r y  i t  away and t h e  s h o r e l i n e  would have advanced. I n  dry 

per iods ,  when an average 1.0 t o  1.5 x  lo5  yd3/yr was n o t  c a r r i e d  t o  t h e  c o a s t ,  

t h e  s h o r e l i n e  p robab l y  r e t r e a t e d  as  t he  c a p a c i t y  o f  waves t o  t r a n s p o r t  sand  

exceeded t he  renewal r a t e .  

The apparent  downcoast movement o f  b e a c h f i l l  p laced  a t  Sur fs ide  and d e p o s i t e d  

u p d r i f t  o f  t h e  r i v e r  en t rance  and i t s  e f f e c t  on s h o r e l i n e  p o s i t i o r l  i s  e v i d e n c e  

o f  an impor tan t  1959-1982 longshore t r a n s p o r t  g r a d i e n t .  About 3.4 x  105 



y d 3 / ~ r  was deposited, non-uniformly, i n  the  9-mi long reach from M i l e  111 t o  

M i l e  102. The g rad ien t  was p a r t i a l l y  caused by na tu ra l  factors.  Wave energy 

and wave approach d i r e c t i o n s  vary along t h a t  reach. The na tu ra l  alongshore 

g rad ien t  averages about 3 y d 3 / y r - f t ,  obta ined us ing  the  d i f f e r e n c e  between the 

ne t  longshore t r a n s p o r t  r a t e  ca l cu la ted  us ing  the sediment budget approach as 

shown i n  F igure 23, and t h e  d i f ference i n  the  p o t e n t i a l  r a t e s  suggested by 

dales (1980) f o r  Sur fs ide  and Huntington Beach (F ig .  25 ) .  The approximately 

50 percent remaining cause o f  the alongshore grad ien t ,  a l s o  about an average 3 

yd3 /y r - f t ,  can be a t t r i b u t e d  t o  s t ruc tures .  About h a l f  o f  t h a t  was due t o  

l o c a l i z e d  r e f l e c t i o n  a t  the  Anaheim Bay j e t t y .  The o t h e r  h a l f  was caused by 

the  "hold ing"  c h a r a c t e r i s t i c s  o f  the  combinat ion Hunt ington Beach P i e r  and the  

j e t t y  a t  the  entrance o f  t he  Santa Ana River.  

. South Palos Verdes L i t t o r a l  Compartment. Beaches i n  t h i s  5.8-mi long, 

south-facing reach a r e  backed by s e a c l i f f s  and conta ined between headlands. 

C a b r i l l o  Beach a t  M i l e  126 (F ig .  26) i s  backed by the  San Pedro Breakwater and 

contained a t  i t s  eas t  end by a  long, h i g h - p r o f i l e  gro in.  About 0.4-mi t o  t he  

west i t  i s  conta ined by the  headland complex of Po in t  Fermin. From t h e  west 

end o f  C a b r i l l o  Beach t o  Portuguese Po in t  t he  sho re l i ne  has been m in ima l l y  

a f f e c t e d  by humans. 

I n  t h i s  compartment almost a l l  the 1859 o r  1870 sho re l i ne  p o s i t i o n s  a r e  the  

nos t  landward o f  a l l  the  shore l ines  surveyed. The most seaward s h o r e l i n e  

p o s i t i o n  i s  t h a t  surveyed i n  e i t h e r  1959 o r  1982. I n  many cases the  1982 

shorel ine,  as es tab l i shed  us ing  a e r i a l  photographs, i s  a t  t h e  base o f  a  

s e a c l i f f .  The only  two reasonable explanat ions f o r  the  apparent sho re l i ne  

advance i n  recent  years i s  t he re  i s  an e r r o r  i n  t he  e a r l i e s t  shore1 ines,  o r  
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Figure  25. Average n e t  longshore sediment t ranspor t  r a t e s  f o r  the Newpart 
L i t t o r a l  Cell us ing  two d i f f e r e n t  methods t o  o b t a i n  the  rates. 





t he  l a n d  mass behind the s e a c l i f f  has moved seaward. I n  some cases the  cause 

o f  t h e  seaward s h i f t  i n  t h e  sho re l i ne  appears t o  be a  movement o f  t h e  land.  

This  i s  bes t  i l l u s t r a t e d  by the  Portuguese Bend l a n d s l i d e  j u s t  e a s t  o f  

Portuguese Po in t .  The l a n d  mass t h e r e  has moved p rog ress i ve l y  seaward a long  a  

3500- f t  1  ong reach. The mean p o s i t i o n  o f  the  shore1 i n e  moved w i t h  i t  as shown 

i n  F igu re  27. Movement was n o t  a t  t he  same r a t e  a long the  l eng th  of the 

s l i d e ,  nor  d i d  t h e  movement occur a t  t h e  same t ime a t  a l l  l o c a t i o n s  i n  t h e  

s l i d e  area. 
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Figure 27. Advance o f  MHW Shoreline a t  Portuguese Bend, 1870-1982 (Los 
Angeles County, C a l i f o r n i a ) .  



I V .  SUMMARY AND CONCLUSIONS 

Shorel ine p o s i t i o n  maps, some w i t h  shore l ines  da t i ng  back t o  1851, were 

prepared i n  1984 by the  Nat ional  Ocean Serv ices (NOS) f o r  a  132-mi  l e n g t h  of 

the  C a l i f o r n i a  coast  no r th  o f  t he  Mexico border. Basic data used i n  c o m p i l i n g  

the  maps were h i s t o r i c  NOS manuscripts (T-sheets).  This  i n v e s t i g a t i o n ,  u s i n g  

the  s h o r e l i n e  maps, had two ob jec t ives .  The f i r s t  o b j e c t i v e  was t o  e v a l u a t e  

the maps t o  determine t h e i r  accuracy when the n e t  sho re l i ne  change and n e t  

sho re l i ne  change r a t e  were ca lcu la ted .  Net changes i n  sho re l i ne  p o s i t i o n  a re  

the o n l y  use fu l  data t h a t  can be e x t r a c t e d  from the  maps. Seasonal and o t h e r  

r e v e r s i b l e  changes i n  sho re l i ne  p o s i t i o n  cannot be ob ta ined because t h e  

shore l ines  were on l y  surveyed once per  10 years  o r  more. The second o b j e c t i v e  

o f  the  i n v e s t i g a t i o n  was t o  i n t e r p r e t  sho re l i ne  behavior  a t  those l o c a t i o n s  

where the  ne t  change i n  p o s i t i o n  between two o r  more shorel ines exceeded t h e  

u n c e r t a i n t y  range o f  t he  data. 

Comparisons o f  h i s t o r i c  sho re l i ne  p o s i t i o n s  on the  NOS maps a re  bes t  used  t o  

e s t a b l i s h  t rends  i n  sho re l i ne  behavior  r a t h e r  than t o  e s t a b l i s h  exact  r a t e s  of 

shore l  i n e  change. Th is  i s  because of  inaccurac ies  in t roduced by survey 

e r r o r s ,  e r r o r s  i n  s e l e c t i n g  the  MHW shore l  ine,  and data reduc t i on  e r r o r s .  Of 

more importance the re  i s  u n c e r t a i n t y  due t o  the  s t a t e  o f  t h e  sho re l i ne  when 

the  survey was made. To ob ta in  the  n e t  sho re l i ne  change, t h e  map s h o r e l i n e  

p o s i t i o n  i s  assumed t o  be a t  t he  midpo in t  of a l l  seasonal and o the r  r e v e r s i b l e  

excursions o f  t he  shore l ine .  Because i t  would o n l y  c o i n c i d e n t a l l y  be a t  t h a t  

midpo in t  when the  sho re l i ne  survey was made an u n c e r t a i n t y  i s  i n t roduced.  

Seasonal changes i n  p o s i t i o n  can be a  maximum 120 f t  (+  - 60 ft from t h e  mean.) 

A comparison of ne t  changes us ing  NOS map shore l ines  and shore l ines  o b t a i n e d  

from o the r  sources such as a e r i a l  photographs and surveyed shore-normal 



p r o f i l e s ,  however, i nd i ca tes  the  p r a c t i c a l ,  usefu l  u n c e r t a i n t y  range i s  h a l f  

the  maximum range o r  about 60 f t  (+30 f t  about t he  ac tua l  mean p o s i t i o n  of t h e  - 
shorel i ne). 

Four 1  i t t o r a l  c e l l s  and two coasta l  compartments where r e l a t i v e l y  s h o r t  

beaches are  contained between headlands were s tudied.  From south t o  n o r t h  

they are the  US p o r t i o n  of t he  S i l v e r  Strand L i t t o r a l  C e l l ,  M iss ion  Bay 

L i t t o r a l  Ce l l ,  Oceanside L i t t o r a l  C e l l ,  Laguna Beach Coastal Compartment, 

Newport L i t t o r a l  Ce l l  , and South Pal os Verdes Coastal Compartment. Shorel i ne 

behavior as d isp layed on the  NOS maps i nd i ca tes :  

The sho re l i ne  along most o f  t he  5 3 4  l ong  Oceanside Ce l l  i s  w i t h i n  the  

p r a c t i c a l  unce r ta in t y  bounds of the NOS maps. A t  these l o c a t i o n s  the  

sho re l i ne  has been w i t h i n  60 t o  100 f t  o f  i t s  1982 p o s i t i o n  i n  t he  p a s t  100 

years o r  so. A 10-mi long reach near Oceanside and a  6-mi long reach south o f  

Dana Po in t  are except ions where shore l ine  changes have been l a r g e r .  

1. H i s t o r i c  Shorel ine Advances and Retreats. Nineteenth century  shore l ines  

along most o f  t he  coast o f  southern C a l i f o r n i a  were landward o f  sho re l i nes  

surveyed i n  the l a t t e r  p a r t  o f  the  t w e n t i e t h  century.  I n  some areas, 

i nc lud ing  much o f  the  S i l v e r  Strand L i t t o r a l  C e l l  and the  Newport L i t t o r a l  

C e l l ,  l a r g e  beach replenishment e f f o r t s  were respons ib le  f o r  t he  advance. 

Hard s t ruc tu res  have a l so  been responsib le f o r  sho re l i ne  advance. 

2. E f f e c t s  o f  Coastal Structures.  Coastal s t ruc tu res ,  e s p e c i a l l y  breakwaters 

and j e t t i e s ,  bu t  a l s o  i n c l u d i n g  a  rec rea t i ona l  p i e r  and gro ins ,  have had a 

s i g n i f i c a n t  e f f e c t  on shorel i n e  behavior i n  the  study region. Shorel ines  have 

advanced and r e t r e a t e d  as  a r e s u l t  o f  the  s t ruc tu res .  The sho re l i ne  on the  



n o r t h  s ide  o f  Oceanside Harbor, f o r  example, advanced about 100 f t  seaward t o  

a  d is tance 5.5 m i  n o r t h  o f  t he  harbor  p r i o r  t o  1960. Dana Po in t  Harbor, 

cons t ruc ted  i n  1970, has caused about 3 m i  o f  sho re l i ne  southeast o f  t he  

harbor  t o  advance. The Hunt ington Beach P i e r  and the  west j e t t y  a t  t he  mouth 

o f  t h e  Santa Ana R ive r  reduced the  n e t  longshore sediment t ranspor t  r a t e  along 

a  2.9-mi sho re l i ne  and caused i t  t o  advance. The p i e r  apparent ly  a c t s  as  a 

permeable g r o i n  and t h e  downdr i f t  j e t t y  ac ts  as an impermeable g r o i n  t h a t  

a l lows bypassing on l y  a t  i t s  seaward end. Sand being deposi ted between these 

s t r u c t u r e s  i s  a r t i f i c i a l  b e a c h f i l l  p laced a t  t he  Sur fs ide  feeder beach about  8 

m i  t o  t h e  nor th.  The sho re l i ne  advance near t h e  Hunt ington Beach P i e r  was so 

great  t h a t  a  condominium was cons t ruc ted  on the  beach seaward o f  a  s e a c l i f f  

t h a t  had been scoured by waves i n  h i s t o r i c  times. 

A r t i f i c i a l  b e a c h f i l l  and sand bypassing have prevented l a r g e  sho re l i ne  

r e t r e a t s  downdr i f t  o f  some coas ta l  s t ruc tu res .  This  i s  t he  case a t  Oceanside 

where an average 3.2 x 105 yd3/yr o f  f i l l  p laced south o f  the  harbor  has 

ba re l y  mainta ined the  beach i n  t h e  pas t  30 years. A t  Sur fs ide ,  near t he  

upcoast end o f  t he  Newport L i t t o r a l  C e l l ,  an average o f  about 3.4 x  105 yd3/yt 

o f  a r t i f i c i a l  f i l l  were placed between 1959 and 1982 t o  prevent  l o c a l  shore 

r e t r e a t  i n  the  l i t t o r a l  c e l l .  The Long Beach-Los Angeles Breakwater, dams on 

the  Los Angeles and San Gabr ie l  Rivers,  and the  j e t t i e s  a t  Anaheim Bay have 

e l im ina ted  t h e  supply of sand u p d r i f t  o f  Sur fs ide .  Beach nourishment a t  

Surfside i s  the  on l y  source o f  sand a t  t he  u p d r i f t  end o f  the  c e l l  today. 

Some long, high-aspect coasta l  s t r u c t u r e s  d e f l e c t  sand o f fshore  a t  the  expense 

o f  nearby shore l ines .  The j e t t i e s  a t  Oceanside Harbor, f o r  example, have 

de f l ec ted  sand of fshore c r e a t i n g  a  l a r g e  depos i t  i n  water depths o f  12 t o  36 

o r  40 ft. A s i m i l a r  d e f l e c t i o n  a t  t he  west j e t t y  a t  the  entrance t o  Newport 



Bay i s  appa ren t l y  r espons ib l e  f o r  a  n e t  l o s s  of  l i t t o r a l  m a t e r i a l  t o  deep 

water.  Zuniga J e t t y  a t  t h e  en t rance  t o  San Diego Bay f u n c t i o n s  i n  t h e  same 

way. Sediment moving a long  t h e  j e t t y  i s  c a r r i e d  f u r t h e r  o f f s h o r e  and i n t o  

deep water.  Only a  smal l  amount o f  coarse-g ra ined  sediment i s  c a r r i e d  seaward 

a t  t h e  ent rance j e t t i e s  t o  M iss ion  Bay, however. L i t t o r a l  sediment passes 

through o r  around those j e t t i e s  and i s  depos i ted  i n  the  en t rance  channel.  

P e r i o d i c a l  l y  t h a t  m a t e r i a l  i s  r e t u r n e d  t o  nearby beaches. 

The c o n s t r u c t i o n  o f  t he  south breakwater  a t  Dana P o i n t  Harbor i n f l u e n c e d  

s h o r e l i n e  behav io r  on beaches t o  t h e  eas t .  The p l a n - s h o r e l i n e  d i s e q u i l i b r i u m  

induced by c o n s t r u c t i n g  t h e  breakwater  and e f f e c t i v e l y  moving Dana P o i n t  

about 1 - m i  e a s t  r e s u l t e d  i n  a  l a r g e  advance o f  t h e  s h o r e l i n e  t o  perhaps 3-mi 

eas t  o f  t h e  harbor .  Sediment i n v o l v e d  i n  t h e  s h o r e l i n e  advance came from t h e  

harbor ,  f rom San Juan Creek and f rom an a r t i f i c i a l  b e a c h f i l l ,  S h o r e l i n e  

changes i n  t h e  l e e  o f  Dana P o i n t  Harbor appear t o  be a t y p i c a l  f o r  c renu la te -  

shaped bays t h a t  a r e  mod i f ied  by changing t h e  l o c a t i o n  o f  t h e  u p d r i f t  

headland. Sand u s u a l l y  moves toward t h e  new headland a t  t h e  expense o f  

d o w n d r i f t  beaches. Eros ion  has n o t  n o t i c e a b l y  occur red  e a s t  and d o w n d r i f t  o f  

Dana P o i n t  Harbor y e t .  Slow shore r e t r e a t  a t  t h e  eas t  end o f  Cap is t rano  Beach 

con t inued  a t  about t he  p re -harbor  r a t e  a f t e r  t h e  harbor  was cons t ruc ted .  I f  

a c c r e t i o n  con t inues  i n  t h e  l e e  o f  t h e  harbor  w i t h o u t  t h e  a d d i t i o n  of  sand f rom 

sources o t h e r  than San Juan Creek, however, sou th  Cap is t rano  Beach c o u l d  

exper ience an acce le ra ted  r e t r e a t  i n  t h e  f u t u r e .  

The eas t  j e t t y  a t  Anaheim Bay does n o t  appear t o  be d e f l e c t i n g  sand o f f sho re .  

Instead,  waves r e f l e c t e d  f rom i t  inc rease  t h e  longshore sediment t r a n s p o r t  

r a t e  a t  Su r f s i de  by about 1 x  1 0 5 ~ d ~ / ~ r .  The m a t e r i a l  moved i s  c o s t l y  

b e a c h f i l l  t h a t  i s  depos i ted  downcoast a t  Sunset Beach and f u r t h e r  t o  t h e  



southest.  Wave r e f l e c t i o n  f rom the j e t t y  increases the  need f o r  f i l l  m a t e r i a l  

a t  Su r f s ide  by an average 30 percent.  

3. Beach Replenishment. The l a r g e s t  b e a c h f i l l  p r o j e c t s  i n  t he  recent  p a s t  

were cons t ruc ted  us ing  ma te r ia l  excavated f o r  reasons o t h e r  than beach 

replenishment.  These p r o j e c t s  were respons ib le  f o r  much o f  t he  recent  advance 

o f  the  s h o r e l i n e  i n  t he  study area. Inexpensive f i l l  sand f rom s i m i l a r  

sources w i l l  n o t  be a v a i l a b l e  i n  the  fu tu re .  The l a r g e s t  beach replenishment  

p r o j e c t  completed i n  C a l i f o r n i a ,  and maybe anywhere i n  the  Un i ted  States,  

received sand dredged fo r  another reason. I n  1946, 23.6 x  106 yd3 o f  m a t e r i a l  

removed f rom San Diego Bay f o r  nav iga t i on  purposes was p laced i n  the  S i l v e r  

Strand L i t t o r a l  C e l l  near Coronado. The sho re l i ne  was a r t i f i c i a l l y  advanced 

over 1000 f t  along a 2-mi reach. W i th in  10 t o  14 years  o f  placement the 

b e a c h f i l l  spread a long 10-mi o f  coast. The p r o j e c t  c rea ted new l a n d  upon 

which a l a r g e  condominium complex was constructed.  A major beach 

replenishment p r o j e c t  a t  Newport Beach i n  the  f i r s t  h a l f  o f  t h i s  century  was 

a l so  accomplished us ing  sand dredged f o r  o the r  purposes. Harbor-deepening 

prov ided l a r g e  q u a n t i t i e s  of fill t h a t  was p laced on Balboa Peninsula and West 

Newport. The wide beach t h a t  now e x i s t s  on Balboa Peninsula would p robab ly  

be impossib le t o  cons t ruc t  today because of cost ,  d i f f i c u l t i e s  i n  o b t a i n i n g  a 

l a r g e  q u a n t i t y  o f  f i l l  o f  proper  s i ze ,  and environmental cons t ra in t s .  I n  t h e  

f u t u r e  l a r g e  beach r e s t o r a t i o n  and rec lamat ion  p r o j e c t s  such as these w i l l  be 

more expensive and d i f f i c u l t .  

4. R i ve r  Sediment Discharge. R ivers  have h i s t o r i c a l l y  con t r i bu ted  1 a rge  

q u a n t i t i e s  of  sand t o  the coast  of  southern C a l i f o r n i a .  Dams and d e b r i s  

basins have reduced t h a t  c o n t r i b u t i o n  i n  some r i v e r s  t o  an unknown e x t e n t ,  I n  



r i v e r s  w i t h  wide f l o o d p l a i n s  near t h e  coast ,  a r t i f i c i a l  c h a n n e l i z a t i o n  may 

have inc reased  t h e  d ischarge  of  coarse sediment t o  t h e  coast .  

A t  Oceanside t h e  e f f e c t  of r i v e r  d ischarge  on s h o r e l i n e  behav io r  was most 

apparent. The San L u i s  Rey and Santa M a r g a r i t a  R i v e r s  p r e s e n t l y  d ischarge  t o  

t h e  south and n o r t h  of  Oceanside Harbor.  Before 1942, p r i o r  t o  t h e  

c o n s t r u c t i o n  of  t h e  harbor ,  s h o r e l i n e  advances and r e t r e a t s  o f  up t o  300 f t  

occur red  between surveys a l ong  a  4 m i  reach ad jacen t  t o  t h e  r i v e r  o u t l e t s .  

Ac tua l  s h o r e l i n e  f l u c t u a t i o n s  were g r e a t e r  than  t h a t .  S t r a i g h t ,  wave-cut 

s e a c l i f f s  behind t h e  beach a t  Oceanside a r e  ev idence t h e  beach was once narrow 

and the  s h o r e l i n e  was a g a i n s t  t h e  s e a c l i f f s .  The p e r i o d  f rom 1842 t o  1883 was 

e x c e p t i o n a l l y  d r y  excep t  f o r  t h e  e a r l y  1860 's  and i t  may have been d u r i n g  t h i s  

pre-development p e r i o d  t h a t  t h e  s e a c l i f f s  a t  Oceanside were l a s t  c u t  by waves. 

Dur ing  wet pe r i ods  t h e  s h o r e l i n e  a t  Oceanside advanced r a p i d l y  when l a r g e  

q u a n t i t i e s  o f  sand were d ischarged by t h e  r i v e r s .  Development may have 

co inc ided  w i t h  a  "wide-beach" per iod .  The p resen t  beach w i d t h  t h a t  i s  be ing  

a r t i f i c i a l l y  ma in ta ined  may n o t  represen t  t h e  l ong - te rm  average beach w i d t h  a t  

Oceanside. 

5. Pocket Beaches. Beaches con ta ined  between headlands, o r  pocket  beaches, 

a r e  p r e v a l e n t  a t  a  number o f  reaches i n  t h e  s tudy  area. The Laguna Beach 

Coastal  Compartment i s  t h e  l onges t  reach c o n t a i n i n g  pocket  beaches. I t  

extends 16 m i  f r om Dana P o i n t  t o  t he  en t rance  o f  Newport Bay and long- te rm (50  

t o  100 y r s )  s h o r e l i n e  behav io r  i n  t h e  pocket  beaches, s u r p r i s i n g l y ,  does n o t  

appear r e l a t e d  t o :  (1) t he  d i s tance  t h e  headlands extend away f rom t h e  

r e g i o n a l  t r e n d  o f  t h e  sho re l i ne ,  ( 2 )  t h e  l e n g t h  o f  t h e  beaches o r  t h e i r  

o r i e n t a t i o n ,  o r  ( 3 )  t h e  presence o r  absence o f  a l o c a l  s t ream t h a t  d e l i v e r s  

up land sand t o  t h e  coas t .  Sho re l i ne  behav io r  most n o t i c e a b l y  v a r i e d  i n  an 



alongshore d i r e c t i o n ,  seemingly w i t h o u t  regard t o  these c o n t r o l  s. A 1  1 

shore l ines  advanced f rom 1875 o r  1885 t o  1934 w i t h  the  g rea tes t  advance on 

no r the rn  beaches. From 1934 t o  1982 the nor thern  beaches genera l l y  advanced, 

the  sho re l i nes  o f  c e n t r a l  beaches were approximately unchanging, w h i l e  t he  

sho re l i nes  o f  southern beaches re t rea ted .  Explanat ions f o r  t h i s  behavior  

i nc lude  an alongshore g rad ien t  i n  wave scour (decreasing t o  the  n o r t h )  o r  an 

alongshore g rad ien t  i n  sediment a v a i l a b i l i t y  seaward o f  a  l i n e  connect ing t h e  

head1 ands (decreasing t o  the south) .  

6. Lagoons. Many r e l a t i v e l y  h igh-grad ien t  streams i n  San Diego County p a s s  

through wide, low-gradient  lagoons before they reach the  ocean. Lagoons 

nearest  La J o l l a  a re  most ly  f i l l e d  w i t h  sediment t h a t  supports marsh 

vegeta t ion .  Fu r the r  no r th  t h e  f i l l e d  p o r t i o n  o f  the  lagoons decrease. F r o m  

Enc i r l i tas  t o  Oceanside the lagoons are  predominant ly open water. The reason  

f o r  t h i s  alongshore change i n  lagoon f i l l i n g  i s  unknown, b u t  does not  appear  

r e l a t e d  t o  lagoon s i ze ,  catchment area o f  t he  watershed d r a i n i n g  i n t o  t h e  

lagoon, o r  sediment y i e l d  o f  t h e  watershed. One p o s s i b i l i t y  i s  a d i f f e r e n t i a l  

r a t e  of l a n d  subsidence o r  emergence f rom south t o  n o r t h  w i t h  a  downward t i l t  

t o  the  nor th .  

Lagoon entrances were on ly  open about 40 percent  o f  the  t ime when the  NOS 

sho re l i ne  surveys were made. Entrances i n  t he  south were open s l i g h t l y  more 

o f t e n  than entrances i n  the no r th .  I n  almost a l l  lagoons the  open e n t r a n c e s  

were n o r t h  of the  c e n t e r l i n e  of t h e  lagoon which i s  a  b i t  s u r p r i s i n g  because 

the  ne t  longshore sediment t r a n s p o r t  d i r e c t i o n  i s  be l i eved  t o  be toward the 

south i n  t h i s  area. Common b e l i e f  i s  t h a t  t he  o u t l e t  o f  a stream o r  l a g o o n  

c o n t r o l l e d  by coas ta l  phenomena w i l l  most o f ten  be a t  the  downdr i f t  end o f  t he  

shore1 i n e  reach through which i t  discharges. 



Shore l ine  behavior a t  Agua Hedionda Lagoon, w i t h  c o n t r o l l e d  lagoon o u t l e t s ,  

appeared t o  be d i r e c t l y  r e l a t e d  t o  the  beach nourishment ra te .  Sand t h a t  

entered the lagoon from the  l i t t o r a l  zone was p e r i o d i c a l l y  removed and p laced 

on the  adjacent  ocean beach. When the  dredging and placement r a t e  dropped 

below an average 1.25 x 105 yd3/y r  the  sho re l i ne  re t rea ted .  I t  advanced when 

the  nourishment r a t e  exceesed t h a t  value. These e f f e c t s  o f  t h e  b e a c h f i l l  were 

obvious over a l i m i t e d  reach l ess  than 1 - m i  long. Beaches f u r t h e r  away d i d  

n o t  appear a f f e c t e d  by v a r i a t i o n s  i n  t he  nourishment ra te .  It i s  n o t  c l e a r  

whether the dredging-beach nourishment program a t  Agua Hedionda i s  j u s t  a sand 

bypassing e f f o r t ,  i n  which the  ne t  o r  a p o r t i o n  o f  the  n e t  longshore sediment 

t r a n s p o r t  volume i s  bypassed, o r  whether backpassing may a l s o  be involved.  

Sand t ranspor ted  t o  the  lagoon may come f rom beaches both  n o r t h  and south of 

t he  c o n t r o l l e d  entrance. 

7. Land Movements. I n  several  areas, i n c l u d i n g  Torrey Pines near La J o l  l a ,  

var ious  l o c a t i o n s  a t  Camp Pendleton, and n o r t h  o f  Po in t  Fermin, t h e  s h o r e l i n e  

advanced because s e a c l i f f  sediments f a i l e d  and moved seaward. A t  Tor rey  Pines 

some o f  t h e  recent  movement occurred r a p i d l y  as the  face o f  a 100 t o  3 0 0 - f t  

h igh  s e a c l i f f  dropped t o  the  f r o n t i n g  beach. A t  Camp Pendleton and a t  o t h e r  

places a long the  Torrey Pines coast  b locks  o f  sedimentary m a t e r i a l  r o t a t e d  and 

slumped seaward. A t  Portuguese Bend, n o r t h  o f  Po in t  Fermin, movement was n o t  

ca tas t roph ic ,  b u t  occurred and cont inues t o  occur as a slow, non-uniform 

downslope creep o f  a huge mass o f  sediment. This  area appears t o  have been 

moving (based on shore l ine  advances) s ince  before  1934. The 3500- f t  l o n g  toe  

o f  the  s l i d e  a t  Portuguese Bend has advanced seaward almost 400 f t  s ince  1888. 
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